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CAROB BEAN GUM

Summary

Kratzer, et al. found that ingestion of carob bean gum causes a
reduction in growth rate and feed efficiency. As a 2% constituent of
the diet of chicks for a period of 21 days, carob bean gum exhibited
a marked depression of the growth rate (6, 11). Ershoff and Wells fed
carob bean gum to rats for 28 days as 10% of their diet. A slight
growth depression resulted (2). in neither case was the weight
depression correlated with toxicity.

Ershoff and Wells reported that carob bean gum counteracts the
effects of cholesterol feeding (2).

Holbrook found carob bean gum to be effective in the treatment
of constipation. X-ray studies on man reveal that the gum disperses
in the large intestine and alters the consistency of the fecal mass,
effecting very little increase .in stool weight. Carob bean gum does
not interfere with digestion in man (4). Rivier reports that clinical
studies with infants indicate that 1% carob bean gum has no effect on
man (8),

There are no reported allergenic effects of carob bean gum in the
scientific literature.
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CAROB BEAN GUM

Chemical Information

|. Nomenclature

A. Common Names
1. Carob bean gum
2. Locust bean gum
3. Algaroba
4, St. John's bread gum

B. Chemical Names

Carob bean gum is a high molecular weight hydropolysaccharide
composed of D-galactan and D-mannose units combined through glycosidic
linkages (194). 1t may thus be described chemically as a galactomannan
(10). '

C. Trade Names (9)
1. Johannisbrotmehl

. Arobon

Gum Gatto
Gum Hevo

J andagum
Lakoegum
Rubigum
Lupogum
Luposol
Gum Tragon
11. Tragarab
12. Tragasol

.

QOWARALYOUBWN

D. CAS Registry Number PM3000402

It. Empirical Formula

Carob bean gum is composed of D-galactose and D-mannose units in
a galactomannoglycan and has been reported in the following varying
ratios of D-galactose to D-mannose (9):

D-galactose D-mannose
20-14 - 80-86
17 83
20-25 75-80
27 73

Whistler and Smart point out that these varying ratios may be due
not only to variation in analytical methods employed, but also to the
origin of the gum or the growth conditions of the plant at the time
of production (9),



The carob bean gum molecule is a |inear chain of D--mannopyranosy |
units linked (134) with every fourth or fifth D-mannopyranosy! unit
substituted on C6 with a galactopyranosy! unit. Carob bean gum differs
from guar gum only in the number of D-galactese side chains (10).

IHl. Structural Formula

Methylation data has yielded the following structure as the simplest
average repeating unit of carob bean gum (10).

CH,0H

2t04

Since the specific rotation of the poiysaccharide is low, the
glycosidic bonds are believed to be mainly of the beta-D- variety (10).
IV. Molecular Weight

Duel! and Neukon reported a molecular weight of 310,000 (9).

V. Specifications

A. Chemical (Commercial) (9)
D-galacto-D-mannoglycan 88%

Pentoglycan 4%
Protein 6%
Cellulose 1%

Ash 1%

B. Food (See C)



C. Food Chemicals Codex
' Galactomannans Not less than 73%

Limits of Impurities
Acid-insoluble matter Not more than 5%

Arsenic Not more than 3 ppm
Ash (total) Not more than 1.2%
Heavy metals Not more than 20 ppm
Lead ~ Not more than 10 ppm
Loss on drying Not more than 15%
Protein Not more than 8%
Starch Passes test

VI. Description
A. General Characteristics

Carob bean gum is a white to yellowish white, nearly odorless
and tasteless powder. When it is boiled in water i1 acquires a
leguminous taste.

B. Physical Properties

Carob bean gum is incompletely dispersed in water at room
temperature. Insoluble flocs are atfributed to crystalline regions
in the dry gum and disintegrate as the femperature of the dispersion
is raised. |If the gum is dispersed in cold water, the viscosity
decreases as the temperature is raised, followed by a sharp increase.
Preheated dispersions that are cooled attain optimum viscosity.

The pH of the dispersion is between 5.4 and 7.0. pH has little
effect on the viscosity in the range pH 3-11.

A dispersion of carob bean gum may be gelated by the addition of
small amounts of sodium borate (9). "

C. Stability

Carob bean gum should be stored in well-closed containers.

Vilt. Analytical Methods

Carob bean gum solution turns purple when icdine is added and gels
when either sodium tetraborate or boric acid is added. It also forms
a copper complex with Fehling's solution. Although these tests are
not specific for carob bean gum, they are specific for galactomannans.
Carcb bean gum is precipitated by fannic acid, sulfuric acid and
neutral salts such as lead acetate (10).

Ewart and Chapman (3) used the solubility and precipitation
properties of carob bean gum to isolate it from mixtures and qualitatively
Identify it. Their scheme distinguishes between pectin, alginate,



gelatin, starch, carboxymethylcellulose, methy tcellulose, and several
other gums, including carrageenan, tragacanth, agar, karaya, ghatti,
and gum arabic, but not guar gum.

Another procedure for the isolation and detection of carob bean
gum is to reflux the sample in 50 m| water and 50 mi barium hydroxide
in 100 ml of water is added, the pH adjusted to 7, and evaporated to a
small volume (1). The solution is then paper chromatographed with
butanol:pyridine:water (3:2:1.5) as the mobile solvent and phthalic
acid-aniline and naphthoresorcinol-trichioroacetic acid as developing
colors. In addition to carob bean gum, this method can be used to
separate and identify other gums including gum arabic, tragacanth,
several sugars, and pectin. ’

Padmoyo and Miserez (7) have used microelectrophoresis to separate
and identify the gums: arabic, tragacanth, carrageenan, carob and guar,
as well as, gelatin, pectin starch, dextrin, agar, sodium alginate,
methylcellulose and carboxymethylcellulose. The eleetrophoresis is
carried out on cellulose acetate strips. Substances with similar
motility are differentiated by staining.

Carob bean gum can also be qualitatively determined by X-ray
diffraction and infrared spectrometry.
VIil. Occurrence

Carob bean gum is obtained from the ground endosperm of the seed

of the Cerafonia siliqua (Linne), a leguminous evergreen tree found in
the mediterranean area. ‘
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CAROB BEAN GUM

Biological Data

I. Acute Toxicity

No information available

I1. Short-Term Studies

Rats

A total of 24 male Holtzmann rats as divided into 3 groups of
8 each and housed 2-3 animals per cage. A control group was fed a
stock diet, another group fed stock diet + 1% ctholesterol, and a test
group fed stock diet + 1% cholesterol + 10% carob bean gum. Test
diets were provided ad Iib on alternate days, water continually,
Body weights were recorded weekly, and the experiment was run for 28
days (2).

Serum cholesterol, hepatic cholesterol, and liver total lipid
were determined at the conclusion of the experiment. The increase in
hepatic cholesterol and liver total lipid was largely counteracted by

feeding 10% carob bean gum. There was a slight depression of body
weight in animals fed the carob bean gum, but sufficient data were
not included to determine whether this was the result of a depressed
- food intake or an effect of the gum itself (2). -

Chicks

One-day old Arbor-Acres chicks were divided into duplicate groups
of 10 each of equivalent weight distribution and housed in wire cage
batteries. A control group was fed a stock diet, one test group fed
a 2% cellulose supplement, and another group fed a 2% carob bean gum
supplement. Feed and water were supplied ad lib. The experiment
was run for 3 weeks. Nitrogen retention, fat absorption, and
metabolizable energy content were determined (6).

Carob bean gum-fed chicks showed a depressed feed intake and a
corresponding depression in weight gain in comparison to cellulose~fed
chicks and controls. The degree of nitrogen retention and the
metabolizable energy content were about the same as those for cellulose;
however, fat absorption was slightly higher (6).



One—~day old Arbor-Acres chicks were weighed and separated into
groups of 10. A control group was fed a stock diet and five test
groups were fed the stock diet modified with carob bean gum in the
following proportions: 0.25%, 0.5%, 1%, 2%, and 2%. Groups were
provided feed and water ad |ib and weighed as a group twice a week.
At the end of 20 or 21 days, chicks were weighed individually (11).

Over the 20-21 day period, chicks fed 2% carob bean gum had a
growth depression of approximately 27%. The groups fed lower levels
- of gum showed about 3% depression of growth when compared with control
chicks (11),

‘At the 2% tevel in the diet, carob bean gum showed a definite
depression of the growth rate of chicks; furthermore, this was not
the result of the nutritional value of the gum since another non-
nutritive supplement, cellulose, in the same concentration did not
show this effect. This effect, however, cannot, from the data given,
be attributed to a toxic nature of carob bean gum. No data were
provided on food intake of the test chicks as compared to that of
the controls (11).

In summary, the growth of chicks was markedly affected by 2%
carob bean gum; whereas, the growth of rats was not significantly
affected by 10% carob bean gum.

Man

8 )

Several different studies examining the laxative action of carob
bean gum were carried out. Eight individuals were fed barium sus-
pensions followed by 2 heaping teaspoonsful of carob bean gum. X-ray
studies followed. Another simitar study involving 9 individuals used
a carob bean gum-barium suspension mixed before ingestion. |In another
variation, this barium-carob bean gum suspension was given to 10
volunteers, and X-ray studies were performed 1, 3, 8, and 24 hours
after ingestion. Other comparative studies involved psyllium seed
gum and Sterculia (4).

X-ray studies and stool examinations showed that carob bean gum
permeates the fecal mass in the colon and mixes with it. |Its greatest
effect is the alteration of consistency resulting in little actual
increase in stool weight. Carob bean gum does not disperse as a
gel untjl it reaches the large intestine; whereas, the other examined
gums do. There is, as a result, no interference with digestion in
man (4), :

In a series of clinical experiments on infants, Rivier found that
the duration of gastrointestinal transit was unchanged by 1% carcb bean
gum. Furthermore, of the 16 infants fed carob bean gum for an unstated
period of time, there were no untoward effects reported (8).



Pl

v.

Long-Term Studies

None

Special Studies

None
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CAROB BEAN GUM

Biochemical Aspects

{. Breakdown

No information avallable from sources obtained.

11. "Absorption - Distribution

No information available from sources obtained.

It1. Metabolism and Excretion

No informa‘tion available from sources obtained.

IV. Effects on Enzymes and Other Biochemicai Parameters

When day-old Arbor-Acres chicks were given 2% carob bean gum
in their diet for 21 days, they showed a significant growth depression
(40%) and a reduction of feed efficiency. At a marginally low level
of dietary vitamin D,, a reduction in the bone ash was observed.
This was due, possib?y, to poor absorption of D,, thereby creating
a deficiency state resulting in poor bone mineralization (6).

The increment in liver cholesterol and liver total lipid induced
by cholesterol feeding (1% for 28 days) in the rat was largely counter-
. acted by concurrent feeding of carob bean gum (10%) (2).

Small pellets of carob bean gum are used as a treatment for
constipation. Upon ingestion by man they pass through the stomach and
small intestine, into the large intestine, before disintegration. The
maximal colloidal mass of the gum is reached in the colon, aiding in
relief of constipation by causing an increase in bulk. No adverse
effects caused by the gum were observed in the 19 subjects studied (4),

V. Drug Interaction

No information available from sources obtained.

Vli. Consumer Exposure Information
The major uses of carcob bean gum in the food industry include ice
cream, soft-cheeses, cheese spreads, ground meat products, canned meat
and fish, sauces, salad dressing, pie fillings, and bread dough (5, 9).

Carob bean gum is listed as GRAS for use as a stabilizer (5).
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IDENTIFICATION BY PAPER CHROMATOGRAPHY
OF SWELLING AGENTS IN FOODSTUFFS

Testing for swelling agents or thickeners in pure form
presents no difficulties. A compilation by Letzig (1) lists a
number of precipitating reactions which permit distinguishing
between the several thickeners in simple manner. However, these
compounds seldom exist in such pure form that the use of such
precipitating reactions, presented in synoptic form, permits non-
ambiguous conclusions. Even the occurrence of two different
swelling agents simultaneously can make a clear identification
difficult; when there are more than two, this is true even more
so. However, not only a mixture of these substances complicates
the tests but also the presence of other compounds among which
the proteins are predominant. Letzig's reagents are mainly
‘protein precipitants so that precipitation will always occur in
the presence of proteins. It is casy, of course, to determine the
presence of proteins but this does not yet allow us to decide
whether, in the absence of;proteins, precipitation will have been
due to thickeners. Prior to testing, proteins must therefore be
removed and Wyler (2)'has alrecady described a possibility for this,
specifically for meat products. This suggested removal of proteins
with the aid of Carrez precipitation is so thorough, however, that
not only are many swelling agents precipitated for which we must
thus test prior to precipitation but the possibility of identifyin
those still remaining in solution is also restricted to a very
few. A method of complete removal of proteins without interfering
with subsequent testihg and identification of swelling agents is
not yet known so that the Letzig reagents in practice unfortunately
have only a limited importance. As seductive as such tests are in

their simplicity, they alone very rarely furnish non-ambiguous
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indications of the kind of the swelling agents present. There
is a possibility of precipitating the proteins with alcohol
which can subsequently be éasily evaporated (e.g. in vacuum)
but this has the disadvantage that the proteins are not always
completely eliminated and that some thickeners, specifically
carob-seed flour, are also precipitated.

These disadvantages raise the question of different testing
methods and Letzig already indicates in the report cited that
the application of paper chromatography promises success. Since
most thickeners are constituted by carbohydrates, no difficulties
exist from the point of view of paper chromatography; it is
merely necessary to convert the test substaqce into a form suit-
able for paper-chromatographic testing. It may happen, however,
that with several swelling agents present, a non-ambiguous
conclusion on the kind of the individual substances is not possible
since a number of thickeners have a similar composition ahd/or
furnish similar cleavage products after hydrolysis. 1In that case,
however, a combination with the precipitating reagents of Letzig
would permit us to continue further since the decision will lie
between the few still possible thickeners. Whereas the proteins
do not interfere with such paper-chromatographic tests, we must
first test for the presence of carbohydrates not originating
from swelling agents, Admixtures of simple sugars easily deter-
minted with the aid of paper chromatography, can generally be
removed by extracation with 50-% alcohol which does not affect
the swelling agents. 1t is sufficient to let the substance
stand with the alcohol for several hours under occasional
shaking. The extract and/or Lhc'filtrate can serve to test
for sugar (3) whereas the thickeners can be determined from
the residue.

Hydrolysis of Swelling Agents

Since thickeners do not directly respond to paper chroma-
tography, it is necessary to convert them to a form which is
accessible to this method of testing. Among the possibilities

of hydrolytic cleavage, that using enzymes is excluded and,




since carbohydrates are involved, acid hydrolysis is indicated
primarily in order to prevent decomposition of cleavage products.
The following conditions have been shown to be suitable and

have been steadily employed for some time:

10 g of pure swelling agent and/or test substance are
diluted with 50 ml of water and 50 ml of a 10-% sulphuric acid
solution. If the mixture is too thick so that the retort may
burst under direct heating, it should be placed in a hot water
bath for a short time. When fluid, the solution is boiled in a
reflux condenser where duration is a function of the kind of
the probable thickeners since each substance is hydrolyzed at
different rates of speed.: If no indication qf the type of
swelling agent exists, the solution is kept at boiling temperature
for three hours. It can then be directly chromatographed.
However, it is preferable to concentrate if there is only a
small amount of test substance; sulphuric acid also interferes
somewhat, specifically with uronic acids, so that it is preferable
* to remove the former. PFor this: purpese, - 30 g barium hydroxide:
(with 8 mol water) are dissolved in 100 ml of water under heatihg
and dripped, under constant shaking, through a £filter into the
hot hydrolytic solution until the latter reaches a Py of 7.

With these generally known conditions for removal of the sulphuric
acid, it is easy to adjust the pn—vdluu as above by spotting
Merck indicator paper. The precipitated barium sulphate can be
rapidly filtered out, after settling, through a standard filter.
Since only small amounts are required, it is sufficient if a

part of the filtrate is processed turther. This part is con-
centrated under vacuum to 50% and thus reaches again the starting
concentration. If only small amounts of swelling agent are
available, these¢ can be further concentrated as desired. This
solution is now suitable for paper chromatography. It is not

at all necessary to keep within the quantitative relations
indicated above and they can all be reduced correspondingly

which is of value when only small amounts of test substance

are available.



Paper-Chromatographic Conditions

Paper chromatography always takes place under the conditions
already described earlier (3 & 4). The fluxing agent is n-butanol/
pyridine/water (3:2:1.5) and staining is done with phtaleic acid/
aniline and/or naphthoresorcinol/trichloroacetic acid. The last-
named staining for non—reducing sugars plays a subordinate role
in this connection. The chromatograms thus obtained with the
ascending method are shown in the figure at the end of the
article.. The parallel obtaiped test solutions permit non-ambiguous
identification so that even closely adjacent spots cannot be con-
fused with each other which may easily occur when working exclu-
sively with Rf-values.

Evaluation

Fig. 1 shows two chromatograms of some frequently occurring
swelling agents. It will be clearly seen that, after hydrolysis
of carob-seed flour, only the spots of galactose and mannose
appear. Although mannose is nearly equal in Rf—value to mannose,
it can be distinguished ‘from the reddish arabinose by its brown
color tone but these colors cannot be recognized in a black-and-
white photo. With agar-agar, only galactose is clearly seen
whereas xylose is manifested only as a weak spot. Gum arabic
shows galactose in addition to arabinose and rhamnose. Although
rhamnose is recognized only vaguely, it is characteristic since
it is only infrequently found in thickeners. In the sample
examined by us, there occurs further a spot immediately below
the starting point which we were never able to identify. Pectin
shows mainly the spot of uronic acid which can be recognized from
"the typical light-brown color after staining with phthalate/
aniline as well as by stainiﬁg with naphthoresorcinol/trichloro-
acetate when it turns slightly blue after some time (cf. 3 for
details). We know that this involves galacturonic acid which
paper chromatography cannot demonstrate since sufficient separation
from glucuronic acid does not take place. The Rf—values of the
two uronic acids do differ slightly and we might therefore assume
that differentiation would be possible after sufficient time.
Here we must take into account that the Rf-values of the two
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acids are to a considerable extent a function of the concentration
of these acids and of the kind of an eventually existing cation.
Something similar has already been shown for some other organic
acids (5). The variations so caused are greater, however, than
the difference between the two Rf—values. In addition to the
spot of galacturonic acid, a weak spot of glucose also occurs
with pectin. It must be remembered further that a duration of
hydrolysis of three hours must be strictly kept, in contrast to
most other swelling agents. Whereas a duration of hydrolysis of
one to two hours generally produces complete cleavage in the
latter, galacturonic acid in pectin shows only weakly after one
hour but increases with continued hydrolysis. Tragacanth gum
shows the spots of galactose, arabinose and xylose. Comparison
with the test solutions which were run parallel on the left
chromatogram, makes possible rapid identification of the 4
individual spots. The first test solution on the left shows the
upper spot as galactose and the lower spot as ﬁannose; the second

‘test solution indicates-the upper spot as arabinose ang the lower

as rhamnose. We already mentioned that arabinose and mannose
cannot be differentiated in the figure since it is not possible
to see the differences in color. The chromatogram makes it
impossible to mix up the red color of arabinose with the brown
color of mannose. The last test solution shows galacturonic acid
at the top and, below this, xylose.

The chromatogram on the right of the figﬁre'shows "tylose"
(methyl cellulose) on the left side which shows as expected the
spot of glucose and below this non-hydrolyzed methylated glucoses.
The occurrence of these methylated glucoses was in several
preparations and appears to be characteristic for most of the
tylose preparations. It is possible, however, that this is a '
function of manufacture and that these spots may therefore be
absent some times. The adjacent cellulose glycolate also shows
the spot of glucose and, in the upper part of the chromatogram,
two and occasionally three unidentified spots which always have
a characteristic semilunar form. Alginate exhibits only the
spot of a uronic acid. The adjacent test solutions show in the
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first case from top to bottom the spots of lactose, maltose
and glucose whereas glucuronic acid is shown on the left.

When several thickeners are present, identification on
the basis of the chromatogram can become difficult. It then
seems preferable to make identification less through the spots
that do show but initially through those absent. The absence
of uronic acid permits a definite conclusion that neither
pectin nor alginate exist. However, we believe sufficient
concentration of the hydroleed solution must be made in order
to avoid that a uronic acid does not show by reason of excessive
dilution. The absence of galactose excludes the presence of
carob-seed flour, agar-agar, gum arabic and tragacanth. Absence
of'glucose means that neither tylose nor celiulose glycolate,
generally also no pectin and obviously no swelling starch can
be present. Lack of mannose would exclude carob-seed flour
and that of arabinose would eliminate gum arabic and tragacanth.,
Here we must take into account, however, that the presence of
one of the two last-named spots does not permit a conclusion on
the absence of the other since a possible superposition may
exist which does not allow this.

With this method of selection, most of the known swelling
agents can easily be excluded so that we do obtain in general a
non-ambiguous picture of the composition of the mixture of
swelling agents. Where in complicated cases several interpreta-
tions are possible, we can turn to the precipitating reactions
Letzig mentioned above for clarification of any remaining
doubts, in spite of the interferences indicated. When direct
interpretation is not possible, the method of selection has
proved itself also for the Letzig reactions. In most cases,
however, paper chromatography should be sufficient or at least
give decisive indications. As in most investigative methods,

a certain intuitive judgment will develop with practice.

As described, such testing for swelling agents is obviously
restricted only to those whose composition includes carbohydrates.
Aithough these represent the greater number, this does not allow
us to neglect others, e.g., gelatine. Testing for such substances
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by specific paper chromatography would evidently have to be
carried out from other viewpoints.

Conclusion

1. The precipitating reactions in testing for swelling
agents are excellent for pure compounds but rarely furnish
non-ambiguous findings for mixtures and in the presence of
other substances, e.g. proteins,

2. Since most of the swelling agents are constituted by
carbohydrates, paper chromatography of the sugars and/or sucroid
compounds offers the possibility of identifying swelling agents
by hydrolytic cleavage. ‘

3. Hydrolysis is made with sulphuric acid and boiling at
an average duration of 3 hours. After removal of sulphuric
acid by barium hydroxide and concentration of the clear filtrate
under vacuum, the test is made with a method described in an
earlier communication.

4, Evaluation is best made by a method of selection in
which all swelling agents are excluded which cannot exist due
to the absence of a spot. However, it is necessary to take

into account the ratios of concentration.
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Q Abb. 1. Mit Sehicefelsiure hyslrolysierte Quellsioffe und entepre-

.' : ) chende  Testlosungen.  FlicLinittel: n-NDutanol, Pyridin/ Wasaer

€3:2:1,5), Firhung: DPhthalkiure/Anilin,  Linkes  Chromato-
grammi: (von links) 7 Johannisbratkernmehi, ¢ Agae-Asar,
3 Gununi-arablcum, 4 Pektin, § Traganth. Testlosungen: 6 Galak.
. . tose + Mannose, 7 Arahinnic + Rhamnose, § Galakturonsiure
' - . + Xylose. lechies Chromatogramui: (von links) 9 Tylose, 19 Cellu-
. . Joscgliykolat, 17 Alginat. Testiosuneen: 72 Lactose -+ Maltnse +
Lol e’ . . Glucose, 13 Glucuronsiure

. .

Fig. 1 - Chromatogram of swelling agents hydrolyzed

with sulphuric acid and the resulting test solutions.
Fluxing agent: n~butanol/pyridine/water (3:2:1.5).
Staining: Phthaleic acid/aniline. Left side: 1=
carob-seed flour; 2 = agar-agar; 3 = gum arabic;
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4 = peclin; 5 = tragacanth; test solutions: 6 =
galactose + mannose; 7 = arabinose + rhamnose;

8 = galacturonic acid + Xylose. Right side: 9 =
tylose; 10 = cellulose glycolate; 11 = alginate;
test solutions: 12 = lactose + maltose + glucose;
13 = glucuronic acid.
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Eﬂ'ects of Gum Guar, Locust Be.an Gum and ‘Carr‘;ageenan on’ aner

Cholesterol of Cholesterol-Fed Rats.

BEN JAMIN H. ERSHOFF AND Aar}wx F. \\ELLs _
Western Biological Laboratories, Culver City, Calif. S

*Our previous studies(1) indicate that pec-

tin N.F. when fed at a 5% level in the diet’

" largely counteracted the increment in liver
cholesterol and liver total lipids induced by
cholestero! feeding in the rat. Other roughage
* or bulk-forming materials such as cellulose,

- agar, sodium alginate, protopectin and cal-

cium silicate {Micro-Cel) were inefiective in -

this regard. Data are presented here indi-

- cating that Gum Guar, Locust Bean Gum and

carrageenan also have significant a_ctivity in
- counteracting the increment in liver choles-
terol and liver total lipids induced by choles-

"~ terol feeding in the rat,

Procedure. The basal ration consnsted of
sucrose, 61%:; casein,t 24%; cottonseed oil,
. 10%; salt mixture,’ 5%; and the following
-vitamins per kg of diet: thiamine hydrochlor-
ide, 20 mg; riboflavin, 20 mg;
: hydrochlonde 20 mg; calcium pantothenate,
60 mg; nicotinic acid, 100 mg; ascorbic acid,
200 mg; biotin, 4 mg: folic acid, 10 mg; p-
aminobenzoic acid, 400 mg; inositol, 800 mg;
2-methyl-1,4 naphthoquinone, 5§ mg; vit By,
150 pg; choline chloride, 2 g; vit A, 5000
US.P. units; vit D=, 500 U.S.P. units; and
alpha-tocopheryl acetate, 100 mg. Tests
were conducted with rats fed the basal ration,
the basal ration -+ 1% cholesterol, and the
basal ration -+ 1% cholesterol 4 the various
supplements indicated in Table I. The cho-
lesterol and test supplements were incorpor-

¢ This investigation was supported in part by a

sesearch grant from Nat. Heart Inst, N.LH.,, P.HS.

t Vitamin-Frec Test Cascin, General Biochcmicals,
Inc., Chagrin Falls, Ohio.

$ Hubbell, Mendel and Wakeman Salt Mixture,
General Biochemicals, Inc, Chagrin Falls, Ohio.

pyridoxine -

(27585)
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ated in the basal ration in place of an equal
amount of sucrose. Fifty-six male rats of the
Holtzman strain with an average body wt of
43.6 g (range 38 to 50 g) were divided into
7 comparable groups of 8 each, placed in me-
tal cages with raised screen bottoms (2 or 3
rats per cage), and provided the test diets
and water ad lbitum. Animals were fed on
alternate days and all food not consumed 48
hours after feeding was discarded. Body
weights were recarded weekly. After 28 days
of feeding, the rats were anesthetized with
sodium pentobarbital, and blood was with-
drawn from the aorta into a " heparinized
syringe... Livers were excised, blotted to re-
move excess blood, weighed and. stored in a
freezer until analyzed. Lipid was.extracted
from the livers by the method of Thompson
et al.(2), and cholesterol was determined on
liver and plasma by the method of Nieft and

Deuel(3). Total lipids were determined
gravimetrically on an ahquot of the ]wer ex-

. tract. .
Results. The increment in liver cholesterol

and liver total lipid induced by cholesterol
feeding in the rat was largely counteracted by
the concurrent feeding of Gum Guar, Locust
Bean Gum or carrageenan at a 10% level in
the diet. The effects of these supplements
were similar to, although slightly less marked
than, that of a comparable amount of pectin
N.F. Cholesterol feeding also induced 2
slight increment in plasma cholesterol levels
which was partially counteracted by concur-
rent feeding of pectin N.F. and several of the
other test supplements, Differences betwees
the various- groups however were not statis
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TABLE I. Effccts of Dietary Supplements on Plasma and Liver Cholesterol and Liver Total Lipid of

. Cholesterol-Fed Rats (8 Animatls/Group).® .
o Body wt at Plasma cholesteral, Liver cholesterol, Liver
Bupplements fed with sacrifice, mg/ 10 mit wmg/pt ‘total
basal ration gt Free Total Free Totnl lipid, et
None - 1974 + 49 201 =16 K32 £ 58 IS 00 209+ 09 4743 .
1% cholesterol 2013 68 21011 105550 29214 1617 142 9,03 +.7
Idem - following '
supplements: T . C
5% peetin N.F, - 1854 % 6.1 196 +1.0 92842 245+.13 559 % .64 6.31 -4
1% ” 181.7 + 5.6 182414 956 3.3 238 +.17 412+ 42 47843
. 10% Gum Guar 177.6 = 5.2 208+ 1.2 Y13 » 43 2320 +.12  6.00 = 79 6.29 .5
10% Locust Bean Gum 1803 + 54 240415 1033 +350 238+08 759+ .73 6.81 +.4
- 10% carrageenan 1919 +- 3.8 208 =16 893 455 2322 +.09 552 1 .62 5.86 +.3

* Test supplenients obtained from the following sources: pectin N.F, (gitrus), Sunkist Growers, On-
tario, Calif.; Gum Guar and Locust Bean Gum, Hathaway Allied Products, Lios Angeles, Calif.; carra-
geeuan (Gelearin MR 100), Marine Collids, Ine., of America, New York. Test supplements were all
natural sources of hydrophyllic complex carbohydrate colloids made up of repeatiug units of (1) galae-
taronic acid in the case of pectin, (2) mannose and gulactose in Gum Guar and Locust Bean Gum, and
(3) sulphated galactose in Gelearin MR 100. The peetin N.F.-employcd was a: puritied material ob-
tained from the dilute acid extract of the inner portion of the rind of citrus fruits, 1t had a methoxyl
value of 10.7% on a moisturc-ash-free basis. Gum Guar was tire ground endosperm of Guar (known
botanically as Cyamopsis tctragonolaba) seed with a galactomannan content of approximately 80%.
Locust Bean Gum was obtained from the endosperm of the kernels of the Carob tree. It was a hemi-
cellulose product of about 4 parts mannose and 1 part galactose. Gelearin MR 100, a highly purified

product designed for use in milk or milk produects,

is known chemieally as earrageenaun. The latter oe-

eurs naturally in a number of red seaweeds (class Rhodophyceae) but is obtained principally from the

group of seaweeds known as Irish moss.
t Including stand. error of mean,

lically significant.§ Findings are summarized

in Table 1. - .~ . :
Discussion. A number of studies indicate
that, in general, populations habitually sub-
sisting on diets low in fats and animal protein
lend to have a low concentration of serum

$Food intake was determined for rats in the
Various groups. Since the weight increment of rats
fed the test supplements was less than that of rats
fed the basal ~}- cholesterol diet, the question arose
Whether the reduction in weight increment of rats
fed the test supplements may not have been due
0 a reduction in amount of diet and hence choles-
Eﬂol ingested and whether ' the reduced cholesterol
Intake in turn may not have been the cause of

Jower liver 'cholesteroll and liver total lipid levels,

- Such, however, does not appear to be the case, for

s

- %ot been excluded.

diffierences in hody weight between the various
f10ups  were not  statistically significant whereas
differences fn Jiver cholesterol and lver total lipid

¢ Were, Furihermore, an even greater reduction in

budy welght was observed (unpublished findings)

rafs fed the basal ration -~ cholesterol + 20%
aalfs meal without an accompanying reduction in
liver cholesterol and liver total lipid values. The
Possibility that the test supplements inhibited ab-
8rption of cholesterol from the gut, however, has

cholesterol and a low incidence of cardiovas-
cular disease(4-7). Such diets contain-a
number of constituents which are either ab-
sent from or present in only mipute amounts
in the diets of populations with a high inci-
dence of hypercholesicrolemia, atherosclerosis
and coronary artery disease. Walker and Ar-
vidsson(8) and Higginson and Pepler(9)
were among the first to call attention to the
high fiber content of the Bantu diet as a pos-
sible explanation for the low serum choles-
terol level observed in the Bantu population.
A similar suggestion was also made by Ber-
sohn ef al.(10). More recently Keys et al.
(11) conducted controlled experiments in
which groups of physically healthy men sub-
sisted alternately on ‘“‘American” and “Ital-’
jan” types of diets, devised to be comparable
in calories, proteins and in kind and amounts
of fat but differing in the sources of carbohy-
drates. An abundance of fruits and vege-
tables in the Italian type diets (which tended
to be high in complex carbohydrates such as
pectins, hemicelluloses and fiber) replaced
equivalent calories in simpler carbohydrates
in the American type. Serum cholesterol lev-
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els were significantly lower with the “Italian”
type diets. In subsequent studies Kevs ef al.
(12) reported that ciirus pectin when fed at
a level of 15 g per day caused a slight but
statistically significant reduction in serum
cholesterol levels in physically healthy, mid-
dle-aged men; cellulose (fiber) fed under
comparable conditions was without significant
effect. These studies suggest that cellulose or
fiber per se was not responsible for the Jow
serum cholesterol levels of the Bantr and
comparable groups, but that pectin, another
complex bulk-forming carbohydrate, may
have had some activity in this regard.] An
analysis of the diets of native populations
with low serum cholesterol levels indicated
that in addition to pectin such rations also
contain gums and.‘or other complex carbohy-
drates such as colloids of marine plants which
were found in the present experiment to cause
a highly significant reduction in liver choles-
terol levels in the cholesterol-fed rat. Fur-
ther studies are indicated to determine what
effect these substances might have, when ad-
ministercd alone or in combination with one

ll Unpublished studies from this laboratory indi-
cate that different batches of pectin may vary mark-
edly in anti-cholestercl activity. Pectic preparations
with 2 methox#l content of 5% or less were without
activity in counteracting the increment in plasma
and liver cholesterol levels induced by cholesterol
feeding in the rat in contrast to the marked activity

- exhibited by pectin N.F. preparations of relatively

high methoxyl content (10.7% on-a moisture-ash-
free basis).

“another and péctin, ‘in trgatinent ‘of h&pep

cholesterolemia and a'.herosclerosis( in man; -
Summary, The increment in liver chols.
terol and liver total lipid induced by choles.
terol feeding in the rut was largely counter.
acted by concurrent feeding of Gum Guur,
Locust Bean Gum ur carrigeenin at a 10%
level in the diet. Liffects were similar to, a1
though slightly - less marked, than' that .
tained with a comparable amount of pectip
N.F. o
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lde_nt ification of Stahlhzmg Agents

. II. EWART AND R. A. CHAPMAN
l' ood and Drug Laboratonea, Department of National Ilealth and W’eljare, Ottaica, Can.

XTINSIVLE use of a vn.nety of polysaccharides as stabiliz-
_Jd ing or thickening agents in foods has created a need for
analytical methods for the identification of commercially avail-
able materials and for their detection and quantitative estima-
tion in food products. A number of stabilizers, which are used
or have been suggested for use in foods, are listed and their chemi-
cal nature i3 indicated in Table I. Throughout this report the
term “guns” is used in referring to all of these materials.  Gelatin
is included because it has many uses mmllar to those of the poly-
saccharides.
As the initial step in a project concerned with the development

’ ) 1460

of the required analytical procedures, methods for the qualits’ ™
identification of a number of gums have been studicd. "‘"'
procedures for the identification of gums ure found in the b= )
ture. A method described by Jacobs and Jaffe (£5) ¢l
the gums on the basis of physical characteristics or appea™™”
of precipitates and thus requires considerable experience +?
part of the analyst. Their outline does not include pt‘l('
stances, alginates, methylcellulose, carboxymethy Jeelt
gum ghatti, starch, or gelatin. It also has the disadv: \""
using an unstable reagent (Millon’s) which must be fresk™
pared each day. A method developed by Cannon and ad
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The present work was undertaken to develop a
method for the identification of stabilizing and
thickening agents uscd in food products. The ma-
terials studied were pectin, de-esterified pectin,
algin, Irish moss, gum tragacanth, gum karaya,
focust bean gum, starch, agar, gum arabic, gum
ghatti, carhoxymethylcellulose, methylcellulose, and
gelatin, A proposed identification scheme is based
on precipitation reactions with calcium chloride,

sodium hydroxide, barium hydroxide, and lead ace-
tate. In addition, reactions of the stabilizing ngents
with a cationic soap, ammonium sulfate, mercuric
nitrate, papain, and gelatin arclisted. The proposcd
scheme should be useful for identification of un-
known stabilizing agents. A number of the reac-
tions reported might he employed for the identifica-
tion of individual stabilizing agents in mixtures of
these materials or isolated from foods.

m—

the Association of Official Agricultural Chemists (3, 6) does
.« provide for the identification of pectic substances, alginates,

.thylecllulose, carboxymethyleellulose, locust bean (carob)
on, or gum ghatti. “Bryant (4) has described a procedure for
roinguishing between pectin and certain gums, but it does not
-sovide for positive identification of the gums. A number of
“sher publications dealing with characteristic propertics of these
«lyraccharides have been summarized by Mantell (16), but a
wstematic procedure is still needed for their identification.  Such
» procedure would be useful for the identification of products
<«d as thickeners or stabilizers in foods, drugs, and cosmetics
d ultimately for the identification of polysaccharides isolated
‘rom these materials.

Jn the present investigation, the manner in which the gums
s«perse in water after being wetted with aleohol has been a valua-
% index to the identity of unknown samples. Their solubility
sropertics are summarized in Table JI.  Use has also been made
! the fact that many of the polysaecharides occur as ealts of
~mplex organic acids (Table I). The acidic properties may be
‘ue to the presence of uronic acid groups, as in gum arabie, or
w the unesterified portion of sulluric acid molecules esterified
sith the polysaccharide. When mincral acids are added to
vucous solutions or dispersions of thesc salts, the effcctive con-
~entrations of the polysaccharide anions are decreased. Thus,
although the complex anions may yield insoluble salts with heavy

Table I. Source and Chcemical Nature of Muterials
Commonly Used as Thickening Agents in Foods

Principal : Refer-
Material Bource Components . ences
Pectic substances Fruits Galacturonic acid (occurs (18)
as mecthyl ester)
Algin {sodium algi- Seaweeds Mannuronic acid (Na (16)
nate) salt)
rish moss Seaweodn Galactose, galnctose 4- (18)
sulfate (X and Ca salts)
Agar Scawecds Galuctose (p- and 1.), (18)
galactose 6-sulfate (Ca
and Mg salts)
Teagacanth Plant gum r-Fucose, p-xylose, galuct-  (18)
uroni¢ ncid, t-arabi-
noso, b-galactose
Methyleelluloe Modified cellu- Methyl-p-glucose (18)
ose .
Starch Plants »-Glucose (18)

Carboxymethylcellu- Modified cellu-  Carboxymethyl-p-glucose  {f8)
lose lose

Locust  bean gum Becd endo- Mannose and galaclose (18)
(carob gum) sperm .

fousr gum Seed endo- Mannose and galactose (20)
. sperm
Karaya Plant gum Galactose, acetic acid, (¢73]
gulacturonic acid,

rhamnoso, tagatose

Arabie (neacia) Plant gum p-Glucuronic acid, p-ga- (18
lactore, t-arabinose, .
rhamnose (mixed Ch,

Mg. and K salts)

Ghintt : Plant gumn rL-Atabinose, palactose, (16"
gnlacturonic acid (Ca
&nlt)

“ilatin Modified pro- Auiino acids

tein

metnl cations, most are not precipitated from acid solutions.
The amount the pll must be raised in order to precipitate the
heavy metal salts—e.g., barium, mereury, or lead—is frequently
characteristic of the individual polysuccharide.

EXPERIMENTAL

-

During the present investigation 0.5 to 1.0% aqueous dis-
persions of the polysaccharides were used for the tests. Al
quots of from 3 to 5 ml. were treated with varying concentrations
of the reagents which it was hoped would give characteristic
precipitation reactions, Initially the reagents used were those
for which Jacobs and Jaffe (15) have described reactions with
several polysaccharides. Subsequenily a number of other rea-
gents were used.

Table II. Dispersion in Water of Gums, Wettcd with
: . Alcohol

Gum . Manner of Dispersal in Water

Pectic acid

Pectate (Na, K, or NH,
salts

Pectate (Ca aalts)
ectin

Alginate

Irish moss

Agar

Tragacanth

Methyleellulose

Starch

Carboxymethyleellulose

Locust (carob)
Karaya

Arabic (acacin)

Ghatti

Gelatin

Insoluble
Forms sither clear or turbid solution on heating

Insoluble

Swells in cold water and dissolves on heating

Dissolves slowly in cold water or quickly on heat~
ing to form viseous solution

Dissolves slowly in eold water, rapidiy on heating
to form viscous solution

Bwells in _cold water, dissolves on henting, gels
on cooling

Swells to form viscous dispersion in cold or he:
water, but docy not forin true solution

Dissolves slowly -in cold water but becomes
cloudy or gels on heating

Disperses on heating

Dissolves slowly in cold water, rapidly on beating,
givi_ng clear viscous solution with some fine

brous suspended material

Forms viscous suspension but not a true solution

Forms viscous suspension. Insoluble particles
acttle on standing

Dissolves in cold water to form a clear only
slightly viscous solution

Dissolves to form ulmost clear solution but sor.1e
insoluble materinl may remain as fine suspen-
sion

Bwells in cold water and dissolves on heating

Reactions which were found uscful for characterizing the gumns

are summarized in Tables I and IV. Only those materials hav-
ing anignic components, such as alginates, or potential anionic
components, such aspectin, give pronouncedreactions with cationic
soap (Table I11).  Asinthecase of precipitates withheavy nietals,
the precipitates with the cationic soup quickly disperse on acidi-
fication of the medium.: Ammonium sullate is of interest, in
that it gives pronounced precipitation tests with several of the
gums but not with alginates, pectin, tragacanth, karaya, arabie,
or ghaiti, each of which probably contains uronic acidecomponent.
The reactions with Stokes’s acid wereurie nitrate illustrate toe
effeets of low pH on precipitation of heavy metal salts of the poly-
saccharide acids.  An excess of the rezent makes the solutions
strougly acidic and thus the weakly dissociated acids vedisper-«
Alginic acid and peclic acid are insoluble and thus are not dis-
solved by excess Stokes reagent.  Papain and gelatin give pro-
nounced precipitation reactions only with those guns having
anionic components.  These precipitates are found onlyv if the
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‘able 11, Precipitation Reactions of Polysaccharide Gums and Gelatin

line medium (22)

1 Vol. 15 0.5 Vol, Saturated Diluted? Stokes's Acid 4 Vol. 059, C:l1,01
Solutiun of Aminonium Mercurio Nitrate 1 Vel, 2% 1 Vol; 275 23 Dot M
Gum Cationi¢c Soap”® Sulfuto Added Dropwise Papain (6)¢ Gelatin¢’ urated NaCl
De-esterificd pee-  Fine opaque precip- Gelatinous translu- Gels (almost_opaque). Precipitate Precipitate Gelatinous precipitate
tin itate cent precipitato Insoluble in excess gels (1 vol.) . '
rengent . ) .
Algioate Fine opaque precip- Nil Gels (almost opaque). Precipitate Precipitate Gelatinous precipitate
itate Insoluble in excess {1  vol) becomey
. reagent : sfringy with 4 vol,
aleohol
Pectin Flocculent precip- Nil Forms almast opaque Cloudy No definite Trunsparent gelatinous
T itate gel which dissolves in eflest precipitate.  Gels (1
excess reagent vol.)
Trish moss Stringy or fluccu- Gelatinous preeipi- Transparent gel. Re- Precipitate Precipitate Stringy precipitate
lent precipitate tate or gel dispcrsed by excess X .
reagent
" Agar G Iu:inons preeipi- l"h:c:ulent preoipi- Turbid or ¢loudy Cloudy . Precipitate Fine flocculent precipi.
ate tato
Tragacanth Finc opaquie precipi- Nil Floceulent precipitate. Precipitate Precipitate . Yolumi precipitate.
tate Dissolves in excess Jellylike '
: reagent
Methyleellnlose Nil . Pmipitpte " Nil : Nil Nil Nit
Starch Nil Precipitate | Nil Nil * Nil Opaque flocculent, pre-
. cipitate
Carboxymethyl- Gelatinous clotted - Gelatinous procipi- Precipitate dissolves in  Precipitate Precipitate Voluminous  elotted
cellulose precipitate tate excess reagent .  precipitate
Locust Nil Precipitate (volu- No pronounced effect No Emnounced Nil Voluminous  opaque
. nous cffect stringy  precipitate,
: forms clot
Karaya Flocculent precipi- Nil " Floceulent precipitate Precipitate Precipitate Floccilent precipitate,
tate dissolves in excess re- discrete particres ’
agont
Arabic {aeacin) Prceipitate  (very Nil Flocculent preeipitate Precipitate Precipitate Fine opaque nonset.
fine) dissolves in excess re- tling precipitate
. agoent
Ghatti Fine precipitate Nil - Nil Ni) Precipitate Fine precipitate, non-
. scttling (2-3 vol.)
Gelatin Precipitato in alka- Precipitate Nil Nil Nil Finely flocculent pre.

oipitate, congulatos

- l!o'lz\lnn‘(ulkyl dimethyl benzyl nmmonium chloride), Fairfield Laboratoriea, Plainfield, N. J. .
» Meroury dissolved in tiwice its weight of concentrated nitrio acickand diluted to 100 times its volume with distilled water.
¢ Preclpitates with papain and gelutin are observed only in weakly acidic medium and most exhibit properties of coacervates rather than truo precipitates.

pH of the mixture is below the isoeleetric point of the protein and
it is possible that they would be more correctly called concervates.
They are usually dispersed/by a few drops of mineral acid or of
dilute armamonium hydroxide. The characteristic manner in
which some of the gums arc precipitated by alcohol may also be of
value in their identification. . .

The reactions described in Table IV form the basis of a pro-
posed procedure for the systematic identification of the gums.

REAGENTS

Calcium chloride (CaCl,), 3% solution (weight/volume).
Ammonium, hydroxide, 3.0 N solution.
ium hydroxide, 3.0 ¥ solution.

Barium hydroxide, saturated solution stored in a bottle
equipped with a siphon and a soda-lime tube.

Basic lead acetate, 209, suspension (weight/volume). Heat to
boiling, cool, and use supcrnatant solution.

Ilycfrochloric acid (or other mineral acid), 3.0 N solution.

Mecthylene blue, 0.19% aquecous solution.

Tincture of iodine (U.S.P., 14).

Tadine-potassium iodide stock solution, containing 0.5% iodine
and 1.0% potassium iodide.  Todine~potassium iodide test solu-
tion, consisting of stock solution diluted I to 5.

Cuprie sulfate (CuSO04. 511,0), 159, solution (weight/volume).

Borax (N 13,0:.10H,0), 49 solution. .

Ruthenium red test solution (3).

Pieric acid, saturated aqueous solution.

IDENTIFICATION PROCEDURE

Wet a 0.23- to 0.5-gram sample of the material to be identified
with 1 to 2 ml of 959 alcohol and add 50 ml. of distilled water.
Suspend the solid material in the water by shaking or stirring,
Heat the suspension, with frequent shaking, on a hot plate or over
a burner.  If the sample dissolves, discontinue heating immedi-
ately; otherwise hold at 83° to 95° C. for 15 minutes.

Group A. L. Treat a 3- to S-ml. aliquot of the svlution with
0.2 volume of 0.25 M ealeium chloride. A gelalinous precipitate
or gel indieates alginates or de-esterified pectin.

If no reaction is apparent with ealeium chloride alone, add 1 vol-

ume of 3 N ammonium hydroxide to the calcium chloride treated
sample, * Slow formation of a gel or gelatinous precipitate indi-
cates pectin.

II. If either test in A I was positive, mix a fresh 3- to 5-ml,
aliquot of sample with 1 volume of 3.0 N sodium hydroxide. Ob-
serve the reaction and then heat the mixture in a boiling water
bath for 10 minutes.

Imniediate formation, in the cold, of a gelatinous or flocenlent
precipitate indicates either pectin or de-esterified pectin. No pre-
cipitate indicates aliginates. All three mixtures become yr-rlow
gp htl:ating, but the precipitates with pectic substances do not

issolve. : .

Group B. If the material is not an_alginate or a pectic sub-
stance, carry out the following tests.

I. Mix a 3- to 5- ml. aliquot of the sample with 0.1 volume of
saturated barium hydroxide. Observe in the cold and heat in
boiling water bath for 10 minutes. .

Formation in the cold of a nonsettling, almost opaque, gelati-
nous precipitate indicates Irish moss. Carry out confirmatory
test for Irish moss,

A small amount of floceulent precipitate or cloudiness in the
cold and a definite lemon yellow color on heating identify gum
tragacanth.

Color changing during heating to yellow, then to green, and
finally to gray indicates agar. Carry out confirmatory test for

ar.

If the mixture becomes cloudy or forms a gel on heating, but
becomes clear on cooling, methylcellulose is indicated, Carry out
confirmatory test for methyleellulose.

An opanque flocculent preeipitate which may tend to redispen<
on heating and reprecipitate on cooling indicates starch. Carry
out contirmatory test for starch., L

Precipitates which disappear when the barium hydrovide ¥
thoroughly mixed with the sample may be disregnrded at thit

int.
pou. If the material has not been identified, mix n fresh 3- to &
ml. sliquot of snmple with 1 volume of saturated barium hydroy,
ide.  Observe whether there is an immediate precipitation sv’
cxamine again after standing 5 minutes at room temperature.
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Table IV. Precipitation Reactions Used as Basis of Proposed Procedurs for Identification of Gums

(Reactions used as identification tests within heavy lines)
/s Vol. 2.5%

1/1s Vol. Saturated Ba(OH), . o
h \? 1. 1 Vol 1 Vol. Satu~ 1/» Vol, Basie
O Elor 3 & Naom Cold Heated rated Ba(OH)s Vol hieornte
R N R BT T be] )
Gelatinous or foc-[Gel or gelatinous Ppt.and soln. turn  As for 1/ vol. Gels
culent ppt., yel-§ ppt. yellow
low color onMi
heating
Clear yellow soln.J#Gel or gelatinous Ppt. and soln, turn Aa for /1 vol. GCels
on heating R ret yellow )
v Gelatinous ppt. Gelatinous or floc-}§Gel or gelatinous Ppt, and soln, turn  As for 1/j vol. Transiucent gel

{orms slowly culent ppt., yel-l§ prpt yelow
low color on}

. henting

R i
’pt. may uoccu-
late with pro-§

ppt.

Ppt. dissolves on Nil B Gels

shaking

"B clotted  opanue Jopaque get

ppt.

[ Flocculent  ppt., [l Flocculent ppt.
!orms slowlv i

N Voluminous
opaque ppt.

May be

* Loecust hean gum and gnar gum give identical reactions and eannot be distingnished on basis of these tests.

Gelatinous ppt. or Gelatinous ppt, or
wel gel ,

opaque longed heating

B May be small Lemon yellow B Flocculent ppt. Flocculent ppt.,
B amount of ppt. - color - '
& Nil Becomes . yellow Nil Flocculent ppt.
; then green and 3

gray
Nt Becomes turbid or il Nil Nil

forms gel; be-

! comes clear on}

cooling

ROpaque ficcculent May redisperse & Floceulent ppt. Floceulent ppt,

small
amount of floe-

Basic Lead Ace-
tate + 1/s Vol
3N NHOH

As for lead acetate

alone

As for lead acetate
alone

As for lead acetate
alone

As for lead acetate
alone

As for lead acetnte

alone
Gels

Gels

Very beavy floceu-
lent or gelati-
nous ppt,

As for lead acetate
alone

As for lead acetate
alone

As for lead acetate
alone

¥ As for lead acetate
| ainne

Voluminous
opaque ppt.

e AN W NS e s

Confirmatory
Tests

Gelatinous ppt. when acid-
ified with mineral acids

Cela.tlnoua ppt. when acid-
ifed with mineral acids

Forma blue fibrous r
;rllth aqueous methy

Gipes blue or Lilack stxin
with tincture of iodine

Aqueous dispersions are
not rrecipuuted by al.
cohol, but form gel or
become  cloudy
heated

when

BRlue stuin with 1;-K1 re.
agent

Forms clotted t. with
C usS0q ! FY‘

Gels with 3/, wval. 47
borax

Swells and staine pink
with ruthenium red text
" solution

Readily soluble in water
at room tsmperature

Fine ppt. with 4 vol, of
alcobol.  Arabic also
gives fine ppt,

Gives fine yellow ppt.
when added to saturated
pierie acid

€991
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‘Fable V. Samples Examined by Proposed Identifieation

Procedure
" No. of
um Type Bamples

Soddinm peatate Powdered
Pectie acid CGranular
Pectin ..m;u‘_-
Sorlivm alginate owdere
frizh moss ) owederes
Tragacanth owdere
Auar Shiedded

Granular
Methylcellulose Fibrous
Starch - Whole wheat flour

Tapioca flour

Soluble starch

Cornstarch

Amioca (amylopectin)®

Clear jel®

Clear-Flo-{T (sodium salt of
starch acid ester)®

Drir-l-'lo (starel: ester)®

Vulea (starch ether)®

Melojel®

Nu-film {starch acid ester)®

T et ot et et bt G vt et D A e e £ G DD Pt 0t

Sodium earboxymethyl-

cellulose Powdered ‘1
Locust bean {carob) Powderet 7
Guar Powdered t

nrayn owder 1
Arabic (acacia) Powdered 3

Lum . . 1
Ghatti Powdered 1
Lump 1
Gelatin - Granular 2

* Products of National Starch Products, New York, N. Y.

A voluminous opaque, stringy precipitate which tends to form
a clot indicates locust bean gum.  This precipitate may appear
flocculent if the mixture is shaken vigorously, Cnrery. out con-
firmatory test for locust bean gum.

A voluminous opaque flocculent precipitate which forms im-
mediately indieates earboxymethyleellulose,  Carry out confirm-
atory test for carbéxymethyleellulose, - .

An opaque floceulent preeipitate which forms slowly and is not
voluminous indicates gum karaya. Carry out confirmatory test
for karaya. )

Group C. If the sample has not been identified it may be gum
arabic, gum ghatti, or gelatin.

I. Mix a fresh 3- to 5-ml. aliquot of sample with 1 ml, of basic
lead acctate solution. Immediate formation of a voluminous

" opaque precipitate indicates gum arabic.

f there was only a small amount of flocculent precipitate, or
no precipitate, with the basic lead acetate add 1 ml. of 3.0 N
ammonium hydroxide to the lead-containing sample. A volu-
minous opaque flocculent precipitate indicates gum ghatti. If
there is no precipitate, the sample probably is gelatin, Carry
out confirmatory test for gelatin,

CONFIRMATORY TESTS

ALGINATES AND DE-ESTERIFIED Preting.  Add 0.2 volume of
3.~ hydrochloric ncid (or other mineral acid) to 3 to 5 ml. of the
sample. A gelatinous preeipitate confirms alginates or de-esteri-
fied peetin,

Iuisic Moss.  Add 2 to 3 drops of 0.5% methylene blue in water
to 1 ml. of the sample solution. Precipitation of purple-stained
fibers confirms Irish moss.

MernyicELuvrose,  Mix 5 ml. of sample with 25 ml. of 93%,
alcohol and 2 to 3 drops of saturated sodium chloride. No pre-
cipitate confirms methyleellulose. :

Acar.  Precipitate gum from 5 ml. of sample with alcohol
and stain with tincture of iodine (3).  Starch is also stained blue
by this reagent, : .

Searcit.  Add 1 to 2 drops of the iodine potassium fodide test
solution to U ml. of sumple. A blue or purple color confirms
starch.  Some samples of gum tragaeanth may give a faint blue
test here.

CannoxyMeTRYLCELLULOSE.  Add 2 ml. of 1.0 M cupric sul-
fate (0 3 to 5 ml of sumple solution.  An opaque, slightly bluish,
elotted procipitate confirms carboxymethylecllulose. :

Locest Bean Gues, Add 1 ml. of 49 borax to 3 to 5 ml. of
gum solution,  If mixture gelatinizes, locust bean gum is' con-
tirmunl. - Guar gum alzo forms a gel here.,

Karava, Precipitate gum from 5 ml. of solution with-alcohol
and stain with ruthenium red (3).  If sample swells consider-
ably and is stained pink, karaya is confirmed,

ANALYTICAL CHEMISTRY

GEI;A.‘!'I:V. Add 2 to 3 drops of gum solution to 2 ml. of satu-
rated picrie acid. A fine yellow precipitate confirms gelatin,

DISCUSSION

Tho proposed procedure has been tested with the gums listed
in Table V. It was possible to identify the modified starches
as starch products, because the solubility of all these materials
is decreased by barium hydroxide and all give positive lests with
the jodine-potassium iodide reagent. It is possible that not all
the thickening agents or gums employed in food products at the
present time have been included in this study. Cherry gum and
quince seed gum, for example, have been suggested in the liter-
ature for use in foods. However, the proposed procedure in-
cludes all the gums that were available during the investigation.

The proposed scheme for identification of stabilizing and
thickening agents is applicable only when they have not been
mixed with other materials. To identify thickening agents in
foods by this method it would first be necessary to scparate them
from the foods, but separation techniques might alter the reac-
tion characteristics of the gums. Much work has been done on
methods for the separation and detection of gums in particular
foods, such as mayonnaise and French dressing (2, 7, 10, 11),
soft curd cheese (1, 8, 10, 11, 13, 19), tomato products (10, 13),
starchy foods (21), eacno products (13, 17, 23), ice cream and
frozen desserts (9-11), canned chicken (10), and meat prod-
ucts (12). Additional references to methods for sepurating
gums from foods may be found in reviews by Jacobs and Jaffe
(15) and Mantell (16). The emphasis in most procedures has
been on detection of the gums without identification. Iow-
ever, Wyler (24) has outlined methods for the detection and
identitication of locust (carob) bean gum, methyleellulose, ear-
boxymethyleellulose, starch, pectin, and alginate in meat prod-
ucts. Thus identification tests-proposed in: the present paper
may be uscful for the identification of gums separated from foods
by methods already described in the literature. However, it is
probable that many special techniques will be required for the
analyses of particular combinations of foods and thickeners. A -
great deal more work must be done before it will be possible to
identify all of the gums in the various foods in which they may
be used. ’ :
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TRACT OF MAN

ARTHUR AxprEws Howsrook, M. D, Milwaukee, Wis.

ONSTIPATION IS PROBABLY the miost com-
mon symptom suffered by mankind. To be im-
pressed by the implication of this statement one need
merely consider the multitude of means man has em-
ployed te obtain relief from constipation : enema, colonic
irrigation and suppository ; salines, aloes, cascara, senna,
licorice and rhularb; calomel, phenolphthalein and sul-
fur; oils (mineral and castor), gums and so forth. The

. tragedy of constipation is that due to the ready availa-

bility of all these means, the sufferer for a time finds
no difficulty in treating himseli, little realizing that his
symiptom may be the first indication of some organic
discase like howel malignancy. The physician should
prescribe for every patient with coustipation. [t is the
purpose of this communication to present a new prep-
aration which promises to be highly useful in this re-
spect. s ' '

" The preparation under discussion is called “*Vacuo- -

sa.’* Its active principle, the hemicellulose of the
carub seed, is literally as old as the hilis, being derived
from the bean (1ruity of the Locust. Tree, known
biblical times as St John's Bread Tree,  This Tegumi-
nous plant is native to the shores of the Mediterranean.
The gum irom the carob bean has marked hydrophilic
potency and thus fits into the same category as the
vegetable gums of agar, acacia, tragacanth, karava and

psyllinm seed, all of which are transiormed to a colloidal-

state. There are, however, conspicuous differences in
the rate of such transformation, the consistency (vis-
cosity) of the colloid produced and the volume of the
gel mass. ‘

Comparative studies of the physical properties of the
gums in common use have heen published by Badosa,
Serraltach and Monroset (1. They found by in vitro
experiments that caroh gum placed in water swelled
into a collnid mass much more efficiently when shaken
for an hour than when left standing. The degree of
swelling was not appreciably influenced by changes in
pIl nor by gastric or ducdenal juices. The viscosity

Submitted April 14, 1950,

*Supplied by Ayerst, MeKenna & Harrison, Ttd,, New York,
New York.

THE BEHAVIOR OF CAROB GUM IN THE GASTROINTESTINAL

of the gel formed by carob gum.'was about 9 times
greater than that produced by other gums. Finally,
the hemicellulose of the locust bean was apparently not
subject to the digestive process, since incubation with
digestive juice at 37°C. showed that no reducible

sugars could be detected. B .
These studies have been extended in the laboratory
of the author. It was observed that 10 cc. of carob
gum granules, stirred every 5 minutes in a graduate
containing 500 cc. of water at 37°C. (thus crudely
imitating peristaltic agitation in the gastrointestinal
tfact), in 4 hours will progressively swell to reach a
maximum bulk of 77 cc. Approximately the same rate
of increase in volume occurs in a 0.2 N NaOH solution;
however, in a 0.2 X HC] solution the final volume of gel
after 4 hours is 55 cc. ‘At the end of 1 hour there is
no apparent difference in volume dde to the pH of the
media. . : -

.

MEeTHODS AND RESULTS *

The principal purpose of this investigation was to
determine the behavior ot carob gum (“Vacuosa”) in
the gastrointestinal tracts of human beings. -

Initially, attempts were made by using roentgenologi-
cal techniques to identify any space-occupying mass
within the colon after ingestion of “Vacuosa” Peiloids,
employing barium suspensions as a contrast medium.
The baritm suspension, consisting of 214 heaping tea-
spoonfuls of the powder'in 8 oz. of water, was given
at 10 AL, and a ilat plate of the abdomen was taken
at 10 AL the following morning. This filin served
as a control.  The procedure was repeated 2 days later
in the same fashion except that, in addition, the sub-
ject took 2 heaping teaspoonfuls of “Vacuosa™ with
water immediately following the barium. This type
of experiment was performed 12 times on 8 individuals
with slight variations in technique. The differences
produced by “Vacuosa” in the size of the lumen and
character of the haustra of the large bowel were not
conclusive with this technique. '

The second phase of x-ray studies was devised so
as to follow “Vacuosa” in its passage through the entire
gastrointestinal tract. In view of the results in the

AuMer. Jour. Dic. Dis.
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inftial experiences it was considered desirable to have
the radiopaque material more intimately incorporated
with the carob gum. Thercfore, Pelloids containing
equal parts of “Vacuosa” and barium were prepared.
Two level teaspooniuls of this experimental preparation
weighed 8 grams as opposed to 6.7 grams for pliin
“Vacuosa.” _ ’

As a pilot test, 2 heaping teaspooniuls of the “Vacuo-
sa”-barium Pelloids were given to 9 fasting volunteers
at § A.M. Abdominal x-ray films were taken at %
hour intervals for S successive times on two of the
subjects, and at hourly intervals for 3 hours on the
other seven subjects. It was found that disintegration
oi the Pelloids was uniformily complete aiter the third
tiour, as judged by the change from small, discrete
shadows. to large, diffuse ones.

Another series of 10 cases was studied using the

- method outlined in the pilot test, except that films were
taken at 1, 3, 8 and 24 hour intervals. Nome of the
individuals had the laxative habit. Six were men, four
women. They all had white collar.jobs. Two typical
examples of the results are shown in the left columns of
Figures 1 and 2. In both these cases the pellet aspect
of the “Vacuosa"-barium is still apparent in the threc
hour iilms. The 24 hour films reveal the thoroughness
with which the carob gum preparation mixes with-the
feces in the large bowel.

In order to gain perspective for judging the in-vivo
behavior of “Vacuosa,” parallel x-ray studies were made
using mixtures of psyllium seed gum with barium-and
karaya gum with barium, prepared exactly like the “Va-
cuosa”-barium mixture. The same 10 subjects were cho-
sen so that results would be comparable. Figures 1 and 2
preseut all the films for 2 of these cases. The large
mass of data obtained from the entire series is de-
picted graphically in Figure 3. The films for each
case were plotted in the manner shown, and then the
averages were taken for the composite picture. It will
be seen that the carob gum preparation was the slowest
to disintegrate and the slowest to pass through the
gastruintestinal tract. The psyllium and karaya gums
l.lehavcd alike, though the latter showed somewhat
laster progress through the intestinal tract.

Laboratory and clinical observations were made on
the cffects of “Vacuosa” upon the stools of 17 hospi-
talized patients. Six of this group suffered from chronic
‘constipation and two, from recurrent diarrhea. The
rfemaining nine patients were considered to have normal
bowel habits. The oral dose was 2 heaping teaspooniuls
"f the Pelloids with 2 glasses of water taken at bed-
tme.  Five consecutive stool examinations were made
3 regularly as possible, both before and during the
mh’muistmtion of "Vacuosa.” Each specimen was
¥eighed and measured  volumetrically.  The  gross
Physical properties were carefully noted. The stools
Passed during the period of medication were submitted
W micruscopic examination as well.

. Sillcc this series is small, only the total figures are
ndicated, I

TABLE 1
. : CONTROL ¢ VACUOSA'
N"’"'u-r of stools - 56 47

slul weight of stools -
“tal volume of stools
Yeragn woipht
Yeruga volume

Jaseany, 1051

9,167 Gm,
9,935 ecc.
174.87 G,
18340 cc.

8,457 Gm,
10,154 ce.
193,34 Gm,
22334 ccl

s, .

In seven stools “Vacuosa” Pelloids were dedinitely
identificd grossly; and in fifteen, microscopically. There
was an average gain of about 20 grams per stool, or
10.2 per cent, as shown in Table I The stool bulk
increase averaged about 40 ce. per unit, or 22,0 per cent,
after “Vacuosa.” The stool containing carob gum
tended to be soit, gelatinous and homogencous, while
its control counterpart was either hard and formed or
loose and mushy,  Liquid stools were not altered by this
preparation. The typical *Vacuosa™ stool had such con-
sistency that it did not settle out when placed in a
container but maintained {for hours the shape in which
it was passed. The stool mass was characterized by a
mucilaginous coating on its surface which oiten revealed
tiny gelatinous particles resembling fine tapicca pud-
ding. These particles under the microscope were seen
to be remnants of the “Vacuosa” Pelloids,

In addition to the 44 patients mentioned above,
“Vacuosa”™ was given to 12 private ambulatory pa-
tients with chronic constipation.  Some patients oi
this latter group have taken “"Vacuosa™ regularly for
2 vears. It has been. interesting to note that the ma-
jority of the normals and the constipated alike, volunteer
the comment that their stools become “casier to pass”
and none experienced epigastric distress or abdominal
colic after taking “Vacuosa.” The full benefits of
“Vacuosa” may not be obtained, however, until treat-
ment has been in progress for several days. -

) Discussiox

Both the x-ray studies and the stool examinations
have indicated that the colloidal gel resulting irom the
disintegration of the “Vacuusa™ Pelloids permeates the
fecal mass in the colon and mixes thoroughly with -it.
The greatest ciiect on the feces is the alteration in
consistency. There is little actual increase in stool
weight.

The comparative x-ray studies of carob, psyllium and
karaya gums illustrate the important fact that carob
gum does not disintegrate into a gelatinous state until
it reaches the large bowel whereas the other two gums
are transformed much more quickly and at a higher
level of the gastrointestinal tract. Subsequent clinical ob-
servations indicate that there is no interference with
normal digestion and less sense of bloating or distention
with the use of carob gum preparations than the others.
This may well be due to the fact that carob gum Pelloids
maintain their integrity through the small bowel and
do not increase the rate of peristalsis and the ruate of
passage, alterations which frequently result from the
rapid swelling seen with uther gums,

No instance of any allergic reaction attributable to
“Vacuosa™ has been experienced.  Scusitivity to other
vegetable gums has been reported by Geliand (2).
“Vacuosa™ Pelloids have ready patient acceptability
and are easy to swallow,

SUMMARY

1. The physical properties of carob seed gumn are
dizcussed,

2. A study of the behavior of this gum in the gas-
trointestinal tracts of human beings is deseribed.

a) Twelve attempts were made by x-ray to demon-
strate increased colonic contents 12 hours after vol-
unteers took 2 heaping teaspooniuls of “Vacuosa”
orally.
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I‘lg 3. A graphic representation of the results of x-ray studies made on 10 m«hu«hmls who

took 3 speeinl gum preparations by mouth

-

b) The progress of *Vacuosa™-baritun Pelloids in-
gested by 19 subjects was followed from stomach to
rectum by x-ravs with special reference to posmon
and time of disintegration,

¢) Ten members of this group were similarly stud-

~ied twice again, using psyllium gum-barium and
karaya gum-barium mixtures. The x-ravs of 2 cases
and a chart of the average results. are prc-@ntcd

&) The quantitative and ghalitative effects of

“Vacuosa™ upon the stoals of 17 huspxt.\hzcd pa-

tients are reported.

3. A Dbrief discussion is given concerning the ad-
vantageous features of “Vacuosa,” which encourage its
further clinical use.

CoxcrLustons

1. The swelling capacity of carub gum in a neutral
or alkaline solution to more than 7 times its original
volume has heen demonstrable in vitro.

2. "Vacnosa™-barium  Pelloids observed serially by
x-ray after ingestion by normal individuals were seen

. Voot e o
57 S ) R T ; .
to maintain their identity for the first 3 hours in the
stomach and small bowel. The disintegration time for
“Vacuosa” Pelloids approximated the ideal physiologi-
cal timing in that they did not reach their maximal
colloidal miass until they were in the colon, whereas
psy llium gum-barium and karaya gum—banum Pelloids
disintegrated much sooner and passed more rapidly
through the upper gastrointestinal tract. [n the colon
and rectum, however, all gums appeared to behave

similarly.

3. *Vacuosa” is an acccpmble, bland, non- aller«vemc
substance with the capacity of forming a colloidal gel
which clmlcally affcgta stools in a way which makes
them “easier to paas " and assists in promoun" normal
stool habits by causing an increase in bulk which is
soft, homogencous and non- -irritating, _ N

Footuote. Xerays produced in Figures 1 and 2 were t.ﬂwu
at Columbia Hospital, Milwaukee, :
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The Effect. of Pol; sacchandes on. Energv Unlmatlon

DEPREDSIO\ in the "rowth of rats
‘was observed when 59% of agar agar

% or Irish moss was added to the diet of rats

(Nilson and Schaller, 1941), while Vaughan
¢t al. (1962) reported that carrageen-
in inhibited the in vitro digestion of pro-
teins by pepsin. Booth et al. (1963) found
that the digestion in rats of agar agar was
1%, pectin 195¢ and guar gum 76¢¢ when
fed at levels of 1595, 105 and 6%¢, re~pec-
tively. - !

- Ershoff and Wells (1962) reported no

significant growth depression in rats with-

109 pectin, guar gum, locust bean gum or
carrageenan. These materials, however, re-
duced plasma and liver cholesterol when
1% of cholesterol was fed in the diet. Fish-
er et al. (1964) reported that pectin re-
duced blood cholesterol in chicks fed cho-
lesterol and Fisher ef al. (1963) reported
further that pectin reduced blood choles-
terol in chicks only when cholesterol was
fed. , ‘ ’ -
Vohra and Kratzer (1964), and Ander-
son and Warnick (1964) reported that sev-
eral natural polysaccharides depressed the
gtowth of chicks when fed in the diet. The
growth depressing effects of some of these
polysaccharides were destroved when these
materials were treated with suitable en-
2ymes. Riccardi and Fahrenbach (1963)
cnducted experiments with chicks fed
diets containing 3¢ " cholesterol. Under
teir conditions 3¢¢ of guar gum or carra-
geenan caused a 30¢¢ reduction in plasma
ctolesterol, but there was no gross toxicity
3 measured by survival, bode weight de-
Pression or reduced fond consurmptien.

:-The purpose of the present study is to :

(Rccezved iot pubhcatxon \Iarcn 27 196/)

Nltrogen Rctenuon and Fat Absorptlon n- Chlckens

F H Kmrzm R \\ A. S B RAJAGURU A\D Pm\x \’oxma

mvettwate the mechamsm of actlon ot cer-

; tain deleterious poly: saccharides when fed

to chickens by specifically studying their
effect on energy utilization, nitrogen reten- .
tion and fat abwrptxon o b

\

E}\PERIME.\'T.-\.L y

- The basal diets (Table 1) were Baséd on

commonly used natural feedstufis but also
contained 0.3%¢ chromic oxide as an indi-
cator to relate feed to feces quantitatively.

-Additions of polysaccharides were made at

a level of 2C% at the expense of milo in the
conventional basal diet. The protein con-
tent of the high fat diet was increased in
properiion to the increased level of fat on a
calculated metabolizable energy basis. The
total weight of the diet was not adjusted to
1 kg. The high protein (approximately
30¢%) diet was not adjusted in this way

TABLE t.—~Composition of the cxperimental dicts

Low High High
fat fat protein
Ingredient basal basalt basal
gm./kg. gm. gm./kg.
Groun:{ milo 270 -— —_
Groun.! yellow corn 300 - 338 "
Corn starch -— 173 —
Snyheaa meal (305, . .
protein) 200 288 415 -
“Fish meal (us% protein) 15 - 103 75
Dried whey 30 50 . s0 .
Dehy d-.\lcd alfalfa meal .- .
(2%, protetn) 40 30 - 40
Soybeaz oil —_ 100 20
CIHPO,- 2H0 B 23 25 . .25
Cr:03 mix? 10 10 | 10
Sodwm chloride? | 7 S - -
Vieamia miztuset - 5 $ Ae H
Test waterial 20 R 11 B 0

: The total mix was not adjusted to 1 k.
’Mnrd Y '.hdt dour dough, baked ‘md ground powder
sapidied 3 gm. Cr),
s # hindized sodium cnlunuc contaized 0.02% gm. MaSOy-H:0/

gm.
¢ Supplies: ribodavin, (.1 e niacin, 1.1 mg.; Ca- pxnto-

- thenmate, 1.1 ma.; choline chluride, §.5 mz; folic ar x-| 3133 B

vitaman A, T ‘w LU v itamia lu 1.2 ..U ‘exp. 1 and .h
or 127 LU (e, 2); vitamin k. $5 1.U. and bran 15 giske
Smrus. -
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T\Lu -——[, Lcl ef 25 h.c: of various pc.’ur'n hariies on'u

CMCel (4 HP{ 236 - 166

_ weitit \u')’, _,zea P st "lwﬂ i u‘ro_s;,n
DR ma.aarz, audf.zt absorplion in cuicks, and the metiabol! Fzable ente rgv o/' the fecd cont\_m-ng o :
T e A - L270 1C. L Shgovitomin Dy (Experinent 1) - . Do
el + " Weight Feed CFeed ¢ o T T e R Mctalm. 1

. iSuppIement . .gaic. . intake’ —_— - te:;ecnsi‘on ) :".Z-E_,thd . er\er:a e .
AR “gm. gm. . gain’ - Jabsor ©  kealfpm, -
Cellulose - STO299 5137 1.728 Slbefes L. 765 - 9 g3 .
Guar gum - T 149 - 338 2.424 33 . 64 248
Gum carob T 1800 . 333 1.98% - 1 53der <o T-g24 L L 2 Ghle
Gum karaya - 2296 - 47 - 1.95% - 435> Tghed. -3.08
Pectin T 2316 410 T 1.8 470 9 L 2 gy
Me-Et-Cetl 304t 343 1,79 s8¢ - %7 313
_Me-Cel? 3064 o343 v 1,760 S6et 764 © 2,92t
HO-Pr-Cel® C0 27 514 }.78: 530det T - 2,80k

.98

4gbed 6> . - 2,89

Y Methylethycellulose. S

2 Methvlcellulose. ’ ol
3 Hydroxy propylceliuiose.

" 4 Carboxymethveellulose,

s Statxsdcal significance at 17 lev el is (.enoted by dxﬂ'ere.lt letters in 2 column.

KN
'\,

and had'a higher protein to energ)" ratio

than the other two diets. _
The vitamin D, supplements were added

“to .the diets to provide 1270 I.C.U./kg.

which is six fold more than the requirement
of chicks for this vitamin (200 I.C.U./kg.
diet; N.R.C,, 1966). However, due to an

error in mixing, the level. of vitamin D,

added to the diet’in experiment 2 was 127
LC.U./kg. diet, thus giving a diet margin-

. ally deficient in this vitamin,

Day-cld Arbor Acres chicks were divided
into duplicate groups of 10 chicks each of
equivalent weight dizstribution. The birds
were housed in wire cage batteries, Feed
and water was supplied ¢d Zdituin and the
experiments were continued for 3 weeks.
The method of Dansky and Hill (1952)
was used for determining apparent nitrogen
retention and fat absorption while metabo-
lizable eneryy was measured by the method
of Hill and Anderson (1958). Data were
analyzed statistically by the multiple range
method of Duncan (1933).

- The poly=accharides tested in this report
were either naturally occurring gums or de-
rivatives of celiiere cutmmen!y il in foud
induster, These incudes goae sum, cargh
gum, gunt kutaya, pecan, mnvilivicthviceliy-

16=c methvlcelluloce hydrosypropylcel's-
lose” and carboxy methylcellulo:e——4 HP o
7 HP. . - .
RESULTS AND DISCUSSION ‘

.All natural gums depreszed aro'"th in the
first experiment (Table 2). Feed efficiency
was also reduced by all the natural gums
with the exception of pectin. Carbox}-
methylcellulose in this experiment produced
a significant growth depression and reduc-
tion in feed efficiency but methylethylcellu-
lose, methyicellulose or hydroxypropyleet
lulose had no growth depressing propert:
for chicks.

Nitrogen retention (Table 2) was siz-
nificantly reduced by guar gum while uv
carob, gum karava and pectin causd
no significant change from the contro! cots
taining cellulose. Fat absorption was ai-
reduced by guar gum but not the ol
naturally occurring polvsaccharides. ¢
tabolizable eneregy, likewise, showed
significant reduction with gear gum. €%
boxymethyleellulose (4 HP) prcdu-.—c-,i.l
slightly lower nitrugen retention but "5/
difierences was not statistically significd™
Carboxymethyicellulose  caused a 7
niijcant reductivn in fat_ nbsomti_@li L
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3 Not dctermxred

there was no effect on metabolizable energy

-of the diet by the addition of any of the

teflulose derivatives. :

The deleterious efiect of guar gum upon
growth, nitrogen retention, fat absorption
and metabolizable energy raised the ques-
Ation whether these responses would be miti-
fgated by either raising the enerzy content
i the diet with additional soybean oil
while maintaining the enerzy/protein ratio
the same as in low fat diet, or mcrea;mv
the level of protein zlone.

The results of the experiment in which"
g2r gum was fed in high ‘at or igh pro-
&n diets are given in Tabie 3. The diets
were marginally deficient in vitamin D,.
‘The chickens fed 2¢; carboxymethylcel-
"JxO\C (7 HP), pectin, and guar gum in all
“Eets contairing on l\' 127 ICL kg, vita-
min D, developed rickets which was not

m:ced with other pelvazccharides. The

erary requirements for vitamin D, are be-
Aeved to be 200 1.C.U., kg, The rickets

%ere confirmed by r;ducum. in bone ash

i some treatments (Table 3). and ap-
Pared to be associated with the growth

.

winressing palvazechariios ondy. A marked

" Tanie 3. ——EFect of fat e protein .’e.cl on rev;u 2
* con ta:,:'r:; a rx-rn,zhlt' s'oj sitaniin Dy (127 1.C.U kg, dict). (Experivicnt 2j
o o C e v ‘: -\puarcl.'lt ;. ) ) Pancreas
~Typeof- | Su )'e' ent - Body weight /¢~ N ¢z Fat % Bone weight,
diet " - ppiemen gain, gm, retention . a'bsorption ash lr)n,g ./100 gm.
. ‘ . : + body \\ewht
“Low fat - Cellulose 311 C46.9% - 634 4449 340
*« - Gum karaya 2892 41, 4de 60.3b 41.0e « 333
CM Cel (7 HP) (247bed . 49.2¢ 53.0+ 32,60 3700
‘Highfat  Comn 2g7ole 51.2° §7.9° 4.1 3135
’ * Ceilulose 297w 41.9% 92.6f 41.3¢ 3735
~ Pectin 246% 41,1 - 82,8 35. 200, 375
.. Guar gum ) 178 . 36. 1t - 63,38 31.22 390=b
g -+ €M Cel (7 HP) 219% 41.0« 86.1¢ —3 4450
Hizh Cellulose 30012 49.3¢ 85.1 41.6¢ 373
protein  Guar gum 194> 23.78 65.0< 32.6+% 490+
.. . . CMZCel (7 HpP) 236» 30,420 72,34 —3 4238k .
" :
¥ Siavistical significance at Xf‘ leve! by Duncan’s method.
* Statistical significance at 3¢, level t by Duncan’s niethod. s .

. o?

served for carboxymethylcellulose, guar
gum, and pectin-on low fat, hich fat or
high protein diets. The depressicn in
growth caused by gum karaya was statisti-
cally non-significant. Nitrogen retention
and fat absorption data were approximate-
lv similar to those of the previous experi-

ent with the exception that guar gum in-
terfe'ed with these parameters more on the
high fat diet than was noted previously.
Pancreatic weight was significantly in-
creased when the diets contained guar gum
in high protein diets or carboxymethylcel-
lulose (7 HP) in high fat diets. Tn.other
treatments, there were no significant dif-
ferences in the pancreatic weights as ex-
pressed in terms of the body weight of
chickens,

The vitamin D level of the dicts used in
experiment 3 was again increased to 1270
1.C.U./kg. to determine whether the growth
depressing polvsaccharides caused rickets
only in diets marginally deficient in vita-
min D;. No rickets were observed with
any of the treatments in this experiment
which is again cenfirmed by no -...nn"C:lIl)

imnificznt differences in anv of the bone
(tibia) esh samples (Table 4). As in the
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‘I’anr__. 4. -—I'j:c# of f;.. cn hrc ein level 0is re: bouse r/ clzf.s 17 pfl,mcc,mnacq conlaining
ium. lecels o titamin D; (1,270 et 'k‘s ol (Kxperiment 3) . .

Body = grr.. - Pancreas wt. -
Type of “ Sumnlemient e ~Co N G F . %Bonc
diet T VAT - wtgain retaited abwrbed mg./109 g. - . ash
B P S 4 : : body wt, .
"Low fat  Cellulose ©O33GMT Toaga g T ogggabt - 43 e o
7 Gumkanava 248be- 7 7 40« L LI 4933 - 42 63 -
_SF L M Cel (7 HP) 2SI N T - U A
Highfat Cora -~ 355t T T g3 385 -7 4108
©ow o, Celluloze T 3697 544 94 . 36+ - 43.7s°
- . Pectin . 2909de 3347 §9d S 210 I & 32
Guar gum 295ede 52« 9fed J o 456rbe - 41.8
s .7 CMCe(THP) 211 47 6r . ° 567 43.8
High - . - Celiulose L 32 5q 87¢ S 4TTe L 4370
- protein  Guar gum S 18Ss 30 3 6394 - - . 41,00
- cM G a IP) 273 320 8¢ S13% 4206

1 ! Statistical significance at 1 level in a column by Duncan s method is indicated b; d:ﬂ'cre..t letters.

first e\penr“e'lt, gum karaya and carboxy-

methylcellulose depressed the growth of
chickens significantly on low fat diets
The nitrogen retention was depressed
significantly only by carboxymethylcel-
lulose but the fat absorption was un-
changed. The depression in growth. of
chickens also took place on hizh fat diets
with pectin, guar gum or carboxymethylcel-
lulose; and on high protein diets with guar
gum or carboxymethylcellulose. Nitrogen
retention and fat absorption were depressed
by carboxymethyleellulose only on high fat
diets. Nitrogen retention and fat absorp-
tion were reduced by guar gum on high

~protein diets but only nitrogen retention
. was affected by carboxymethylcelluiose

under these .conditions. Carhoxymethylcel-

. lulose caused enlargement of the pancreas
~on low fat, and high fat diets but not on

high protein diets. Guar gum affected pan-
creas oniy in high protein dieis.

The growth depressing eficct of complet
polysaccharides which had been reported
previously (Vohra and Kratzer, 1964) was
confirmed in these studies.

Guar gum. which depeessvd growth more
severely  than other tnitural zums, was
shown tu depress nitrogen rotenion, fat ab-
sorption and tectuce the tietavolizulie caer-

Cay of the whole dxet The greatest aggrava-

tion of growth was noted when it was ua
in a high protein diet, indicating that §
greatest efiect was upon nitrogen L&L.xza-
tion. On the other hand, carboxymett Eylcel-
lulose was more growth depressing in a
high fat diet. It is not possible to make any
further generalizations concerning the efiect
of the polyzaccharides on nitrogen retention
and fat absorption.

The sigrificant reduction in the metabo-
lizable energy of the diet by guar gum
probably represents a combinaticn of the
effect on nitrogen retention and fat absorp-
tion. It is analogous to the effect observed
by feeding gossypol (Hill and Tetsuka,
1964). The enlargement of the pancreas
observed in groups fed the growth depres-
sing gums is also similar to that noted i»
birds fed raw soybean meal.

The lowered bone ash observed in groups?
fed growth depressing pulvsaccharides i
the diet with a marzina! level of vitamin P
might be explaired by a poor absorpticn of
vitamin D;, creating a deficiency state
which could result in poor bone mineraliza-
tion. Both Fisher ef ol (1965) and Tit-
cardi and Fahrenbach (1903) have shows
interiecence  with  cholesterol  utitization
caused by pectin, carrageenan or guar gL



.

Jeeding.. Fisher e ef. (1965} s}‘ov ed that

fbwo& chelesterol was lewered by pectin

ealy. when cholestercl was fed. Leveille and
Saukerlich (1966) showed that pectin de-
creased the absorption of bile acids and

‘cholesterol in the rat. It is likely that efiect
‘of polysaccharides on calcification is wlso
due-to interference in the absorption of a

steroid, vitamin D,.

# = .7 .SUMMARY

The following polvsaccharides were fed
to chicks at a level of 2 percent of the diet:
celilose, methylethyleelluloze, methylcel-
llose, hydroxpropyl cellulose, carboxy-
methylcellulose, guar gum, gum carob gum
karaya and pectin.

‘The natural gums and carbox;cmeth_vlcel-
Ilose depressed grow:h. Guar gum caused
redeced nitrogen retention, fat absorption
end metabolizable energy while carboxy-
methyleellulose caused reduced fat absorp-
ticn. Growth depression was not overcome
by high-fat or high-protein diets but guar

dum agzravated growth more severely on a

'-‘n -protein diet,

At a marginally low level of vitanin D,,

the tibia ash was reduced by the nrowth
f!eoresqn" polysaccharides.
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.ON THE IDENTIFICATION BY MEANS OF ELECTROPHORESIS AND
CELLULOSE ACETATE FOIL DYEING OF GELS & THICKENING SUBSTANCES
THAT ARE LEGAL IN SWITZERLAND.

M. Padmoyo & A. Miserez, Federal Health Office, Bern

- 1., INTRODUCTION '

Besides their gelling and thickening properties, gels and
thickening substances used in food manufacture or processing also
evidence another imvortant characteristic, namely their ability
to emulsify and disperse, thereby providing the explanation for
their increasingly wide use as stabilizers in the food processing
industry. . i

Article 443 bis of the Federal Food Regulations defines gels and
thickening substances as being those capable of yielding aqueous :
jellies or aqueous, highly viscous solutions already when in low
concentrations. (Concerning admissibility of use, see same document,
56, 110, -1956). Even though they are often being used as stabi-
lizers, they are not designated as such in the food regulation.
Within the scope of judicial planning concerning food processing -
in the EEC, namely admissible emulsifiers, stabilizers, gels and
thickening substances (WEISS, 1966), stabilizers were defined
as such substances suited for maintaining uwniform dispersion.of
- two or more immiscible substances. Most gels and thickening
substances are: included. "

Food monitoring efforts have not been wanting to the end of
developing practical testing methods for the analysis of gels and
thickening substances. Identification is rendered difficult by
the fact that these are high-molecular substances for which no
easily executed and specific reactions are known, -- except for
starch and the alginates, Furthermore they are used in food only
in very minute quantities most of the time, because the desired
thickening or stabilizin§ effect often is already achieved for
concentrations under 0,5%. The viscometric method (LETZIG, 1934),
based on an appreciable viscoity increase of agueous solutions
due to thickening substances, allows an overall indication of
any presence of a thickening substance, but does not permit its
identification. Various methods are known for qualitative
evidence of gels and thickening substances, " which among
other methods are based on microscopic tests (CZAJA, 1962;
BEYTHIEN & DIEMAIR, 1963), on flocculation reactions (LETZIG,
1955) or on paper chromatographic tests of their hydrolysis
products (BECKER, 19%6; SULSER, 1957; STOLL & PRATT, 1962),
that is, of the corresponding monosaccharides. If the gels
and thickening substances to be tested are in pure form, they
may be easily tested most of the time under the microscope or
by the flocculation reaction. If however their presence in
food must be shown, in which there is an interfering substance
such as egg white material, then the paper chromatographic test
of the hyrolysis products is more promising than a flocculation



reaction. However there are cases in which a few gels or thickening
substances yield similar sugar components after hydrolysis or

where such. sugars as glucose and galactose (for instance from
lactose in milk products) are detected in the paper chromatogra-
phic test, so that the chromatogram will not yield an unambi-

guous answer, Methods for testing the identity of the purity

have been disclosed in the literature (ORGANISATION MONDIALE DE

LA SANTE, 1964, 1966). Concerning their numerous applications
outside food processing, see also GLICKSMAN (1964).

The process of paper electrophoresis has proved itself for
gelatin detection in dairy products (see this publication, 56,
110, 1965). However the cellulose acetate foils are preferable
to paper as carrier material, since good separation may be
achieved in little time and because the foils may be rapidly
rinsed in view of little dye absorption (see section 2.4.1)..

Ve further made use of electrophoresis for the analysis of gels
and thickening substances belonging to the polysaccharide group.

The described testing method further allows ~-~ besides
_identification of gels and thickening substances ~-- quantitative
evaluation by means of dye comparisons with solutions of kmnowm
concentrations of the pertinent gels and thickening substances,
the comparison dealing with color intensity. Our research has
shown this simple and easily executed electrophoresis process
followed by dyeing promises to be very useful in the analysis of
gels and thickening means,

As regards food products, polysaccharides may be determined
after removal of fatty and egg-white components by means of alcohol
precipitation, which is followed by polysaccharide concentration
and the subsequently described method.

2. BLECTROPHORESIS OF GELS AND THICKENING SUBSTANCES

2.1 The cellulose acetate foil as carrier substance

Pilter paper is unsuitable for electrophoresis research in
zels and thickening substances. When the gels and thickening
substances being tested are made visible after electrophoresis-
senaration (see section 3.3), the filter paper reacts as a poly-
saccharide when the particular dyeing method is used, and it
reacts positively. We tested glass fiber strips and cellulose
acetate foils in lieu of filter paper. The latter proved particu-
larly suitable. When testing gelatine too, the paper electro-
‘mhoresis method proved very useful, and cellulose acetate foils
were oreferable to filter paper as carrier material, Dbecause
the lesser dye adsorption allowed rapid rinsing of the foils
(see figures la and 1b). :

An important advantage of cellulose acetate foil electro-
phoresis consists in the shorter test duration with respect to
peper electrophoresis, or about 15 to 30 minutes for micro-
electrovhoresis (section 2.4.2), so that interferences or -
sccondary effects during separation, such as evaporation of bulfer -
liquid and the resulting undesired concentration increose
“are only of insignificant magnitude, ‘

ro
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2.2 BUFFER SOLUTIONS = =7 - - S e

- The conventional buffer solutions for paper electrophoresis
nay also be used as conducting electrolytic solutions for cellulose
ccetate foil electrophoresis. In general, less concentrated
solutions are nreferred for the latter process. We selected
a borate puffer with a pH of 10 for the electrophoresis of the
gels and thickening substances of the polysaccharide group,
however the sodium-carbonate sodium-hydrogen-carbonate buffer
is more suitable when testing gelatine (see section 2.4.3).
The buffer solution concentrations are so adjusted that for a
terminal potential of 200 volts, a current of less than 1 ma/cm
of foil width is generated. Using both buffers demonstrated
anodic migration in all gels and thickening substances that were
tested, so that they must be coated on the cathode side at the
beginning of the test.

2.3 RENDERING GELS AND THICKENING SUBSTANCES VISIBLE.

Following electrophoresis migration, the cellulose acetate
foil is removed from the electrophoresis chamber and the position
of the gels and thickening substances will be rendered visible
by dyeing them. The various gels and thickening substances
evidencing different chemical properties, four different dyeing
methods are required (see section 3), which may be differentiated
through dyeing because the gels and thickening substances migrate
at the same rate under electrophoresis.

2.4 RESULTS ’
2.4.1 COMPARISON BETWEEN CELLULOSE ACETATE FOILS AND PAPER STRIPS
Pherograms I and II in fig. la show the results of our
electrophoresis test with cellulose acetate foils (4 x 30 cm)
in the Elphor-H electrophoresis chamber of GRASSMANN & HANNIG.
Except for buffer concentration and the kind of depositing of the
substance tested, test conditions are' the same as for paper
electrophoresis. The amounts of carbonate buffer with pH of 10
ond ion size of 0.15 microns are diluted with the same volumes
of distilled water. Deposition of substance tested takes place -
not with a micropipette - but with a stamp consisting of two
parallel platinum laminae absorbing each time 6 microliter of
liquid.

It will be noted when omparing figures la and 1b that the
cellulose acetate foil electrophoresis allows good separation
between gelatine and milk eggwhite in much shorter a time than
is possible for paper electrophoresis ( 3 hours in lieu of 14).
Furthermore, the foils may be rinsed when dyeing much faster
flso (20 minutes in lieu of 2 hours.

2.4.2 MICRO-ELECTROPHORESIS OF GELATINE WITH CELLULOSE ACETATE
FOILS

The BECKMANN-SPINCO microzone electrophoresis system allows
executing simultaneously 8 separations for probe quantities of
0.25 microliter solution of substance , corresponding to 2-10
microgram of the substance tested, on one cellulose acetate foil
of 5.5 x 14 cm (see section 4). Deposition of substance tested
is performed by means of a microstamp. This allows redgcing.
senaration time to 15-30 minutes. Normally the separation time



on a cellulose acetate foil 4 x 30 cm.in“éﬁze»and“with_the Elphor-H
x electrophoresis chamber of GRASSMANN & HANNIG amounts to about
N 3 hours (see section 2.4.1)
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v fig. la: electrophorésis on fig. 1lb: paper electrophoresis
' cellulose acetate foils :

" Pig. la: I=gelatin (from 1% gelatin solution, contains about 60 ugm
gelatin, deposited with micro-stamp)
II= gelatin and milk egg white (isolated from 0,2% gelatin-
content yoghurt, deposited with micro-stamp).
= direction of migration (anodic)
'a) test duration: 3 hours; dyeing plus rinsing: 20 minutes

Fig. 1b: I= gelatin (from 1% gelatin soiution, micropipette deposition
of 10 ul, contains 100 ugm gelatin)

II= gelatin and milk egg white (isolated from a 0.2%=content- ’

of-gelatin yoghurt, deposited with stamp).
= direction of migration (anodic)

Test duration: 14 hours;

Dyeing and rinsing time: 2 hours

The pherograms show that yoghurt 1 is free of gelatin and
that there is gelatin in yoghurt 2. During gelatin isolation,
the milk egg white in yoghurt 2 was completely precipitated by means -
of heat treatment and removed by means of centrifugal action or
of filtration. Por gelatin concentration, the filtrate will be
raised to 10 fold concentration by vacuum evaporation. If the
milk egg white is not completely removed, its egg white bands will
appear on the pherogram (see picture of self-made yoghurt (b) and
that for yoghurt 1). The pherogram shows remaining egg white still
capable of migration in yoghurt 1. For the self-made yoghurt sample,
-- yoghurt + gelatin --, one may observe completely denatured
milk egg white (remaining at the place of deposition) and capable
of migrating.



'Thé’bherogramsftherefore,show;thatwﬂgélatine tests in dairy
products do not require absolute purity in the separated gelatin
Even if the extract obtained after yoghurt heat treatment and

- after gelatin concentration does contain some milk egg white,
clean separation of egg whites from gelatin by means of electro-
phoresis is quite possible,
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Fig. 2: shows 8 vherograms from double samples deposited by means of
micro-stamp ‘

a) oure gelatin solution as comparison sample; 0.25 ul of 1% solution,
corresnponding to 2-3 ug of gelatin, deposited

b) extract from self-made yoghurt containing 0.2% gelatin, 10-fold
concentration, 0.25 ul deposited, corresonding to 4-6 ug gelatin

¢) extracts from commercially obtained Yoghurt samples (yoghurt 1
and yoghurt 2); same concentration as in b).

TEST CO@DITIQNS: 200 volts; carbonate buffer of pH 10 and 0.075
¢ Micron.on size; anodic migration; separation *time of 25 minutes;
- amido black dyeing (10 B).

Fig. 3: the amounts deposited are 4-5 ugm for dextrin; 2-3 ugm for
soluble starch; 7-8 ugm for carubin; 7-8 ugm for guaran;
7-8 ugm for gum arabic; 2-3 ugm for alginate and 2-3 ugn for
tragacanth.

?u3T CONDITIONS: 200 volts; borate buffer of Ph 10 and ion size of

0.065 microns; anodic migration; separation time of 15 minutes;

PAS dyeing.

2.4.3 MICRO-ELECTROPHORESIS OF ELS AND THICKENING MEANS
OF THE POLYSACCHARIDE GROUP
We selected borate buffers with a pH of 10 and ion size of
0.065 microns as the conducting electrolytic solution for the
electrophoresis of gels and thickening means of the polysaccharide
groun. Aside from dyeing, the other test conditions are about the
same 28 those for gelatin (section 2.4.2). Section 4 describes
execution of dyeing and of micro-electrophoresis. PFig. 3 shows the
vherograms of PAS positive gels and thickening means, fig. 5 shows
those made visible following tannin preparation and PAS dyeing,
and fig. 6 shows those dyed with toluidine blue O. The pherograms
of Tig. 4 show the results of electrophoresis separation for
nixtures from 2 to 4 different PAS positive gels and thickening
mecns. Section 3 will discuss in detail the dye-affinity of the
()  individual gels and thickening means and their classification

according to the dyeing method used,



The pherograms show not only that the gels and thic lening
means tested migrate at different rates, but also that they are
sensitive in different degrees to dyeing. :

- For the test conditions as selected, +the alginate and the
tragacanth spots are subject to a remarkable though constant
curvature (see also fig. 5 and 6) the cause of which is unknown to
us. For micro-electrphoresis with borate buffer, gelatin too
evidences this effect (fig. 5), but this is not the case when
carbonate buffers are used (fig. 2). :

In the pherograms shown in fig, 3, carubin, guaran and gum
arabic evidence nearly the same migration rate., If a longer sepa-
ration time is used, namely 25 minutes, -fig, 4 -y in lieu of 15
minutes, they may be separated from one another,

If the pherograms of figures 5 and 6 are more closely examined,
it will be observed that Several gels and thickening means migrate
nearly at the same rate. Agar-agar, carubin,and tragacanth in fig. 5,
carrageen, sodium pectate and alginate in fig, 6 therefore cannot

given test conditions. In order to identify them, an improved
separation may be achieved as in the case of the PAS positive gels
and thickening means (fig. 4) by a longer separation time of 20-30
minutes, and they may be further differentiated because of their -
variable dye-ability (see table l,section 3).

. , - B : .
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Figure 4
Electrophoresis-separation of mixtures
of PAS vositive gels and
: thickening'means.

Devosited amount for dextrin was somewhat less ( 2=3 micrograms in
lieu of 4-5), amounts for carubin and guaran were somewhat more
(9-10 microgms in lieu of 7-8) than was the case for pherograms in
fig. 3. Longer test duration was required for their separation
(25 minutes in lieu of 15). Test conditions:

terminal votential: 200 volts

borate buffer: pH = 10; ion size: 0.065 microns

anodic migration

separation time: 25 minutes

PAS dyeing :
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Fig. 5 .
Pherograms of gels and thickening means rendered visible by means
of tannin and PAS dyes preparation, ’

The deposited amount for agar-agar is 4-5 microgm, for gum
arabic 7-8 microgm, for carubin 8-10 microgm, for methyl cellulose
4-5 microgm, for tragacanth 4-5 microgm, and for gelatin 2- microgm.,
Test conditions:

terminal potential: 200 volts .

borate buffer pH: 10; ion size: 0.065 microns

anodic migration

separation time: 15 minutes

tannin and PAS dyeing preparation*

SUMMARY

The analysis process described enables identification of
individual gels and thickening means as such. In the OFFICIAL
METHODS OF ANALYSIS of the AOQAC (1965) is listed a method allowing
separation of gels and thickening means in food products such as
ice cream and mayonnaise after removal of fat and egg white
components by means of alcohol precipitation. If this preciptation
reaction is positive, then electrophoresis and our dyeing method
will allow precise identification of the alcohol precipitate.

Quantitative evaluation may take place by comparing with
the color intensities of solutions of nown concentrations of the
particular gels and thickening means. Coarse estimates may be
made by glance alone, photmetry being appropriate for precise
measurements.,
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FPherograms of gels and thickening means ‘with affinity for.
- toluidine blue 0 ;
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The amounts deposited are, for agar-agar, 4-5 ugm; for
carboxy methyl cellulose, 4-5 ugm; for caarageen, 2-3 ugm; for
pectate, 4-5 ugm; for gum arabic, 7-8 ugm; for alginate, 2-3 ugnm;
and for tragacanth, 4-5 ugm.

Test conditions:

terminal potential: 200 volts

borate buffer pH: 10; ion size: 0,065 microns.
anodic migration

separation time: 15 minutes

dyeing: toluidine blue 0

3. DYEING OF GELS AND THICKENING MEANS ON CELLULOSE ACETATE FOILS

3.1 FIXING :

Prior to dyeing, the gels and thickening means deposited on
the cellulose acetate foils should be first fixed so as not to be
dissolved during the dyeing process in the dyeing bath. As other
egg white Bodies, gelatin may be denatured by drying between
80 and 100°C and therefore be fixed, but this is not recommended
for cellulose acetate foils, unfortunately, because of the wear
on the foil, We make use of a fixing bath instead of the drying
process, such bath consisting of a solution of trichloracetic acid
for gelatin and of ethanol for the gels and thickening means of
the polysaccharide group. '

3.2 GELATIN DYEING

Dyeing of gelatin, which belongs to the protein group,
occurs with the conventional egg white substance amido black 10 B,
an 2cid azo-dye. The dyeing process is based on salt formation
of the dye's acid groups with the free groups from the egg white.
For gels and thickening means from the polysaccharide groups,
dycing must be undertaken in another manner, because there are no
free amino groups and therefore do not respond to amido black
10 B (see fig. 7 and table 1).



3.3. PAS DYEING: - .
| The PAS (PERIODIC ACID LCHIFF) reaction,recommended by
HOTCHKISS (1948) for the dyeing of polysaccharides in animal and
nlant tissue preparations used in hitology, was carried over
on our part to gels and thickening means. It was found that not
all gels and thickening means could be dyed in this manner.
Therefore we make a distinction between PAS positive and PAS negative
gels and thickening means. o -
The Schiff reagency used in PAS dyeing consists of a colorless
solution of fuchsin-sulfur acid prepared from adding potassium
pyrosulfite and hydrochloric acid to a red, aqueous fuchsin
solution. The released sulfur dioxide reduces the red fuchsin
to a colorless 1leuko compound. This Schiff reagency is a known
reagency test for aldehyde groups. The gels and thickening means
to be dyed first are allowed to' react with periodic acid for the
generation of aldehyde groups. Two neighboring hydroxyl groups

~in the polysaccharide molecule will be oxidized to aldehyde groups

in the presence of C-C fission. These aldehyde groups react with
the Schiff reagency and generate a lilac -red color. Carubin,
guaran, soluble starch, dextrin, alginate, tragacanth and gum arabic
belong to the PAS positive gels and thickening means. Sodium
pectate and carrageen are slightly PAS positive, carrageen's color
being very slow to appear. C
Polysaccharides, methyl cellulose, cellulose acetates and

agar-agar, that lack neighboring hydroxyl groups, correspondingly
are PAS negative, Water soluble methyl cellulose shows an average
substitution index of 1.64 -~ 1.92 (GLICKSMAN, 1963) and also contains
methyloxyl groups not only as regards the carbon atom C-6 but also
to some extent the carbon atoms C-2 and C-3.

Por negative PAS and s8lightly positive PAS gels and
thickening means, we found two other ways of dyeing:

l. a prior treatment with tannin and subsequent PAS dyeing,

2. dyeing with toluidine blue O.

3.4 TANNIN TREATMENT AND PAS DYEING

Wwe first considered using tannin for fixing the gels and
thickening means. It was then shown that following such treatment,
methyl cellulose could be dyed with the PAS reaction. Previously
we had spent much time in wvain looking for a way of dyeing methyl
cellulose., Besides the latter, gelatin, carubin, agar-agar,
tragacanth and gum arabic may also be rendered visible in this
fashion., The tannin reaction occurring during ths dyeing process
-=.1if s0 -~ is not known to us, except for the corrosive effect.

Besides tannin, we tested many other precipitation means
for the polysaccharides, such as lead acetate, phosphor tungsten
acid, mercuric chloride and barium chloride, though without
satisfactory results obtaining. It was solely when pre-treating
vith barium chloride that better dyeing of carboxymethylcellulose
w2s achieved, However toluidine blue 0 provides more sensitive
dyeing, '
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(\5 Numbers 1 through 13 refer to the gels anad thickening means
in table 1 below. 1In this dyeing test, the samples were deposited
by means of a stamp and about 1.5 cm apart on a membrane supported
from a frame; membrane size was 2.5 x 30 em. Each amount deposited
contains about 6 ul of a 1% solution, that is, about 60 ugm of
the particular gel or thickening means. Execution of dyeing is
" described in section 4.4, ,

3.5 DYEING WITH TOLUIDINE BLUE O

Toluidine blue 0 is a thiazine dye used in histochemistry
for dyeing acid mucopolysaccharides such as heparin and chondroitin
sulphates (RIENITS, 1953). Polysaccharide affinity for toluidine
Blue O assumes the presence of acid groups in the molecule. Those
gels and thickening means that may be dyed with toluidine blue o,
that is, sodium pectate, alginate, tragacanth, gum arabic,
carboxymethylcellulose and carrageen, contain either uronic acids

or sulfate groups in the molecule. : '

3.6 RESULTS

By making use of the four different dyeing processes, all gels
and thickening means admitted under article 443 bis of the Swiss
Food Regulations may be dyed differently on cellulose acetate foils
(fig. 7 and table 1{. .

NARY
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From the dyeing results for the gels and thickening means
tested and listed in fig. 7, a listing is made in table 1 where
the dyeing methods of the four different kinds used are referred to
by plus or minus signs for easier visualisation.

4. PROCEDURE
4.1 SPECIAL EQUIPMENT ,
BECKMAN-SPINCO microzone electrophoresis system¥***,
consisting of: o s
microelectrophoresis cell '
micro-sample depositing stamp (0.25 ul sample)
cellulose acetate foil (also desigmated as membrane), 5.5 x 14 cm

for 8 samples at a time
power supvly (votential: 0-500 volts, 0~50 ma)

FOR ELECTROPHORESIS ON LARCGE CELLULOSE ACETATE FOILS: .

Elphor-H electrophoresis chamber of GRASSMANN & HANNIG, with.
associated rectifier and regulating transformer (Bender & llobein,
Hunich, Zurich) .

membranes of 4 x 30 cm (Schleicher & Schuell, AG, Fgldmeilen)

sample denositing-stamp, about 6 ul sample (Kontron AG, Zurich)

RLAGENTS ¢

borate buffer (pH=10, ion size = 0,13 microns): 12.37 om
(= 0.2 mol) boric acid in 100 ml 1l-n INaOH solution, completed with
@ictilled water to 1 liter. Then . mix 600 ml of this solution with

400 ml of 0.1-m NaOH,
11



sodium carbonate, sodium hydrogen carbonate buffer (pH=10,
ion cize = 0,15 microns): mix 750 ml 1-m sodium carbonate solution
with 750 ml of O0.l-m sodium hydrogen carbonate solution and with
500 m1 distilled water. ' _

PERIODIC ACID SOLUTION: 2 gm periodic acid in 10 ml distilled

‘water solution, then mix with 90 ml 96% vol. ethanol.

TRICHLORACETIC ACID: 5% aqueous solution

TANNIN SOLUTION: 10% aqueous solution ****

SATURATED AMIDO BLACK 10 B SOLUTION: about 0.1 gm amido black
in 2 mixture of 9 parts volume methanol and 1 part volume glacial
acetic acid, dissolution through repeated shaking. Solution must
be filtered prior to use.

SCHIFF's REAGENT: 1 gm fuéhsin in 100 ml distilled water,

hot dissolution, cooling to about 50 C; mixing with 1 ml concentrated

hydrochloric acid and 2 gm potassium pyrosulfite, hard shaking,
rest over night. Shaking with about lgm charcoal prior to use and
filtering., - , S )

TOLUIDIN O SOLUTION: 0.2% aqueous solution

formaldehyde-AMMONIA MIXTURE: mix l-m formaldehide solution
with l-m ,amoonia hydroxide solution in equal parts volume. - .

ALCOHOL-HYDROCHLORIC ACID MIXTURE: mix 1 part volume i-n-
hydroc?loric acid with 2 parts volume denatured alcohol (aceton
spirit). p e T

METHANOL - G LACIAL ACETIC ACID MIXTURE: 1 vart volume glacial
acetic acid with 9 parts volume methanol

TRANSPARENCY SOLUTION: 1 part volume glacial acetic acid
and 3 parts volume methanol (always fresh). ‘ '

methanol-30LUTIONS OF TESTED GE;.: AND THICKENING MEANS:
1% solut ion of individual gels and thiclening means in the borate
buffer. Exception: a concentration of only 0.3% for agar-ngar,
because a 1% solution may already cause gel binding. As regards
carubin, guaran and tragacanth, only about 20% of the substance in
borate buffer goes into solution, o :

12



4.3 EXECUTION OF MICRO-~ELECTROPHORESIS

4.3.1 FPILLING THE MICRO-ELECTROYIORESIS CELL WITH BUFPER
SOLUTION

The micro-electrophoresis cell consists of the buffer contaoi--
ners, of the eltrode chambers, of a support frame for tensioning
and a membrane, of a cell-cover and a cell upper part with slits
and grooves for the micro-depositing stamp when depositing samples.
Upon removing the cell cover, the cell upper part and the
support frame, the siphon located between the electrode chambers
will be made horizontal by means of one finger and the cell will
be filled through the siphon opening to a height between the
lines FLUID LEVEL with buffer solution, When testing gels and
thickening means of the polysaccharide group, borate buffer with a
pH of 10 and ion size of 0,065 microns is used, and for the gelatin
test, a buffer of sodium carbonate / sodium hydrogen carbonate
with a pH of 10 and ion size of 0.075 microns. The buffer solutions
described in section 4.2 to that end will be first diluted with
distilled water in equal parts volume, Following filling of the
micro-electrophoresis cell, buffer drops on the cell wall above
the buffer level are carefully removed by means of filter paper
in order to avoid secondary contacts of electrical current beyond
the membrane, v ce T

4.3.2 ENPLACING THE MEMBRANE :
The membrane first is slightly wetted with the non-diluted

buffer being used (see section 4.2). In order to wet evenly,
the membrane is placed flat on the surface of the buffer solution.
After wetting, the foil is dipped into the buffer solution by means
of tweezers, White air inclusion spots are thus avoided. The wet
membrane then is removed and easily compressed between two sheets
of thick filter paper.

Next the evenly wetted membrane is so tensioned in the
supporting frame that all the pegs of the latter fit into the
membrane's holes, and therefore the membrane will be held equally
tnutly everywhere. The supporting frame with tenscioned membrane
will be so inserted in the micro~electrophoresic cell that the
reference hole of the foil will vprecisely coincide with the numeral
1 of the numbers marked on the cell uvper vart. This aids remembe-
ring the sequence of the deposited samples.

4.3.3 SAMPLY DEPOSITION

After emplacing the cell uvper part, deposition of
samples may begin. By means of a glass rod, a dropo of the solution
to be tested is vut on a glass vlate that is kept neat. The
micro-sample depositing stamp by means of its platinum laminae
touches the sample drop and the liquid film so created is deposited
on the membrane, the platinum laminae remaining about two seconds
in touch with the membrane. DPrior to the next sample deposition,
the platinum laminae of the micro stamp will be rinsed with
aistilled water and dried by means of careful dabbing with filter
ncner. Once all eight samnies have been deposited, the cell cover
iz rut into nosition and elcctrovhoresis migration may begin.

14



-4.3.4 ELECTROPHORESIS MIGRATION

The micro-electrophoresis cell is so comected to the
power supply that the location of sample deposition is on the side
of the cathode. Sample migration is toward the anode. Terminal
potential is set to 200 volts. For the buffer concentration used,
the current density does not exceed 1 ma/cm of foil width (= 5.5 ma),
which is a good value for the migration and separation of the
samples that were tested. Upon termination of the desired test
duration, which may range from 15 to 30 minutes, the current is
shut off, the electrophoresis cell is opened, the membrane is
removed and then dyed. Dyeing takes place as described in section 4.4.

4.4 DYEING OF GELS AND THICKENING MEANS

The four different dyeing methods will be discussed in
the sections below.

4.4,1 AMIDO BLACK 10 B DYEING ’

: This method is used for rendering visible gelatin besides
other egg white bodies., In order to fix the egg whites, the :
membranes will be immersed for 2-3 minutes in 5% trichloracetic
acid solution. Then dyeing takes place for 10 minutes in the
saturated amido black 10 B solution. Bleaching of that part of
the membrane not carrying egg white takes place when the foil
is immersed in a mixture of methanol and glacial acetic acid.

The solution will be decanted after 2-3 minutes and replaced by

a fresh one. Following threefold washing, white foils are obtained,
on which gelatin spots and possibly others appear dyed deep-blue.
The foil is rendered transparent in accordance with section 4.5,

4.4.2 PAS DYEING
: This method is-used to render visible carubin, guaran,
soluble starch, dextrin, alginate, tragacanth and gum arabic.
The membrane is inserted for 5 minutes in a periodic acid solution.
This results in oxidation and also simultaneously in fixing by

- means of the alcohol of the reriodic acid solution. Thereafter the

menbrane is immersed for 10 minutes in Schiff's reagent so that
the individual spots of the tested gels and thickening means appear
dyed lilac-reddish. In order to remove the excess Schiff reagent,
the membrane is placed for one minute in a mixture of formaldehyde
and ammonium, so thot solution and membrane become intensely red
because of the released fuchsin. In order to bleach that part of
the foil free of gels and thickening means, the foil will be
rinsed first with denatured alcohol and then several times with
the mixture of alcohol and hydrochloric acid., The colortone of
gels' and thickening means' spots changes from lilac-red to red-
violet. The foil is rendered transparent in accordance with
section 4,5
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4.4.3 PRE-TREATMENT WITH TANNIN AND PAS-DYEING

This method is mostly used for rendering visible methyl
celllulose and agar-agar. Other gels and thickening means that
may also be dyed in this manner are gelatin, carubin, tragacanth
and gum arabic. The membrane is placed for 7-8 minutes in the
105 tannin solution and then for 5 minutes in the periodic acid
solution. Upon periodic acid treatment, foil and solution turn

browvn. The brovn solution is decanted and replaced by new periodic

scid., Dyeing proceeds as described in section 4.4.2
4.4.4 TOLUIDINE BLUE O DYEING

This method is mostly used for rendering visible carra-
geen, carboxymethylcellulose and sodium pectate. Other gels and
thickening means that may be dyed with toluidine blue O are
alginate, tragacanth and gum arabic., The membrane is placed for
10 minutes in the dye solution. Then the major nart of the excess
dye is removed hy compressing the dyed foil between two sheets of
filter vaper. Following rinsing with ordinary tap water, the
membrane is air dried.

4.5 RENDERING FOILS TRANSPARENT FOR PHOTOMETRIC EVALUATION

Pollowing dyeing, the membrane is immersed for 2-3 minutes
in methanol. Then it is placed on a glass plat or disc and
subjected for 30 seconds to a fresh mixture of 3 parts volume
methanol and 1 part volume glacial acetic acid. Glass plate and
membrane are removed from the. methanol / glacial acetic acid bath.
Upon removing the excess ljquid with a rubber sponge or filter
paper,they are dried at 110 C for five minutes in an oven. The
now transparent pherograms may be kept on the glass plates.

They may be carefully removed from the glass plates for the
purpose of photometric evaluation and they may be placed in
glassines or the likes. The foils treated with toluidine blue 0O
are not subjected to the methanol / glacial acetic acid bath
because the spots of the tested gels and thickening means would
dissolve, except for carrageen. :

Gratitude is expressed to Herr Wenger, chemist from Bern, for
verification of this work,
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Pouponiere Nestle, Fondation Louis Dapples, Vevey (Switzerland)

Schweiz. Med. Wsehe 82010): 256258, 1952, :
O

Research on the Mode of Actfon of Nestargel
by Chr. Rivier

In a preceding articte 1 e gave the -excellent results which we had
obtafned in the treatment of habitudl régurgitdations and vomiting in the infant
with a powder extracted from the carob bean (Hastargel),

It seemed to us interesting to carry out some investigations in order to attempt
to determine the manner of action of this powdee. We studied:

A. The effect of the Nestafgel on the gastro-intestinal trangit,
B. The effect of the saliva and the gastric juice on the viscosity of the Nestargel,

A, Effect of the Nestargel on the gastro-intestinal transit

1. Duration of the gastro~intestinal transit. In order to find out whether
the thickening Nestle powder accelerated the gastro-intestinal transit we studied
in the infant with normal stools the duration of the transit of a simple meal
(pelargon orange, Nido, concentrated sugared milk) with the addition of a little
carmine powder and then that of a similar meal containing 1% Nestargel,

The tests were carried out on 8 infants (sucklings) For each infant the
transits were repeated two to three times both with Nestargel and without Nestargel
('\(total transits: 31).

We took the average duration of the transits without Nestargel and the average
duration of the transits with Nestargel of each infant and we obtained the
follouving results: . .
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1= age in months; 2= milk; 3= without Nestargel hours; 4= wéth Nestargel, hours

5= concentrated sugared milk; 6= overall averages

The above table shows that the addition of Nestargel docs not change.the
duration of the gastro-intestinal transit, since the small differences found in
(.\one direction or the other fall within the margin of the normal variations,

2, Duration of gastric transit.

We also sought to find out whether there was a difference between the
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duration of the gastric evacuation after a meal without Nestargel and that of
a mcal containing Nestargel and we carried out 14 baryta transits at the
Hopital du Samaritain hospital,

Four infants 2, 3, 4 and 6 months old were examined microscopically. The
(-\customary meal (Pelargon or Nido) along with 3 soup spoons of baryun was given
with or without Nestargel (1%). Each gastric transit was examined from hour to

hour,

We were able to note that the presence of Nestargel did not slow down in any
way the evacuation of the gastric content. In the two cases the stomachs were
always emptied.after 3% hours, :

3. Aerophagia. The air bubble is clearly smaller after a meal containing
Restargelthan after a meal not containing Nestargel, It was possible to observe
this in all of the infants in variable proportions. As an average, the air
bubble forming after a meal without Nestargel occupied 33% of the stomach, whereas
after the meal with Nestargel it was only 21%. Regardless of its size the air
bubble was rapidly expelled

4, Consistency. The difference in consistency in the stomach between that
with the thickening powder and that without powder is quite visible in radioscopy.
When the infant is shaked after a meal without Nestargel the gastric liquid is
seen to squirt out just as water in a bottle, In contrast, the meal containing
Nestargel behaves just like a cream and squirts out with greater difficulty. This
shows that the thick consistency of the meal continues in the stomach.

Conclusions:

The duration of the gastro-intestinal transit is not changed by the presence
6—\0f Nestargel,
The addition of Nestargel to the meal does not change the duration of the
gastric transit, ‘
The physiological aerophagia is clearly .less marked when Nestargel is added
to the meal. ‘
The consistency of the meal containing Nestargel changes very little in the
stomach, in contrast to the starchy meals which are liquefied,

B, The effect of the saliva and the gastric juice on the viscosity of Nestargel

We studied the action of the digestive juices on a meal thickened with Nesgtargel
and, by way of comparison, on a meal thickened with starch (Soldor). These
tests were made in vivo and in vitro.

. Method used to determine the viscosities. The method consists in allowing the
liquid being examined to flow along a glass tube and to time the time of drop
between two reference points, We used a glass tube with a diameter of 0.5 cm and
placed the reference points at a distance of 35 cm., The tube was kept in a vertical
position by means of a tripod.

The viscosities are established at 37°, The dropping times are expressed in
seconds, The dropping time of the water is practically equal to 0. A liquid can be
considered to be viscous with a dropping time greater than 2 seconds (it does not
squirt out when we shake the recipient which contains it),

( ' 1. Examination of the viscosity of the meal in the stomach. Four infants aged
4 months received a feeding bottle of Eledon at 10% along with 1% of Nestargel,
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. . © 13 Tompus i‘{ Tempa .
. Composition do chiutn | do chate rt

R -

! ! 1. Fldan 10w, -1 Negtag 110 a5 9 4.5
Fldan 1005 -t Solder ¢4 RN 0 47
230 en 100, - Netounel 195 45 6 4.3
Foolen o) b dldor 69 (4] S X1
R D0 100 Neobormol 19 ) 6 4.1
- Fllon oy, < Soldor6S;, ) MR (Y 4.0
: e Teloree] 105 T 6 4.1
Lo Merary oy 0 4.t

1= Meal; 2= gastric contents; 3, dropping time in seconds
4= dropping time in seconds

-

Twenty minutes after the end of the meal the gastric content is withdrawn.
We compare the viscosity of the meal given to that of the gastric content,

The same experiment was then carried out with Eledon at 10% along with
starch (Soldon at 6%), This meal has the consistency of a porridge, its
viscosity is clearly greater to that of the meal with Nestargel,

The same investigations yielded the following results made:

a, with a meal of water and Nostargel or Soldor added _ .
b. with a meal of Eledon with Nestargel or Soldor added

Meal . Gastric Contents... .~ copnioeis
Composition dropping time dropping time
sec, sec, ' pH

water + Nestargel 1% 45 S N 3
water + Soldor 67 249 0 3.3
reconstituted Eledon ,

+ Nestargel 178 57 4,2
reconstituted Eledon :

+ Soldor 175 0 4.5

After meal with Nestargel the probing is long and difficult, the gastric
content had difficulty in passing by the probe and it was necessary to suck it up
with a syringe, which has the drawback of increasing the proportion of gastric )
juice and teducing the viscosity by dilution. The infant attempted to vomit but
could not, The liquid which was obtained was thick, often ropy, sticking to the
glass, It does not squirt out when shaken,

(—\ After meal with soldor the gastric content flows rapidly through the probe,
" The liquid is curdled, very fluid, it squirts out upon the slightest shaking.
We noted that the meal with Soldor alrcady started to -liquefy in the mouth of the

~

infants.



Conclusions:

The meals with Nostargel are still viscous after remaining 20 to 30 minutes
(.\in the stomach , whereas the meals with Soldor did not present any viscosity.
2. Examination in vitro of the viscosity of the meal with artificial gastric
juice added

Parallel to the tests in vivo, we made tests in vigro adding artificial
gastric juice and saliva to mixtures of Eledon-lestargel and Eledon-Soldor or to
aqueous solutions of Nestargel and Soldor,

Artificial gastric juice, After scveral tests we used gastric juice at pH of
3.6, Formula: pepsin 2.5 g, HCL N 0,7 e’ , distilled water 100, After addition
of this juice to the meal we added a bit of chlorhydric acid up to about pH 4.7
(winimum p} after a meal of milk cut at 1/3rd, according to Dr, L. Exchaquet,
“"The infant, its physiology and its health") , We placed 25 cmj of gastric juice
per 100 cm3 of the mixtures of Nestargel or Soldor and 15 to 20% saliva (Exchaquet).

a, Comparison between the aqueous solutions of Nestargel at 17 and of Soldor

at 6,8%
Results
50 em> of Nestargel at 1% 50 em of Soldor at 6.8%
pH Dropping time pH dropping time
n 7 ) ) 34" 7 40.6“
We add 12.5 cm3 of gastric juice and 8 cm3
of saliva + some drops of HCl N,
4.5-417 8" 405

The mixture is %ept at 37° C dry .

%Y hour later 8.4"
1 hour later 9,6"
1 hour 40 min, 10.0"
2 hours later 10,2"
2% hours later 11"
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b. Comparison between the mixture Eledon 10% + Nestargel 1% and the
mixture eledon 1G% '+ Soldor 6.8%

Results ' )
(-3100 cm3 of Eledont Nestargel 17 100 cm3 of Eledon + 6.87% Soldor
" pH dropping time ' pH dropping time
4.9 67" 4.9 32"

We add 25 cm3 of pure gastric juice, 20 cm3

of pure saliva, some drops of HCl N.
4.7 12" 4,7 0~ 1/10"
The mixture is kept at 37° dry

% hour later f 1"
¥ hour later 11.4"

Conclusions. In vitro the viscosity of a solution of Nestargel in water or in
Eledon is still very marked after 2% hours of stay in the artificial gastric
juice and saliva. The viscosity experiences an immediate drop after the addition
of the digestive juices (probably by dilution) and increases gradually (probably
by evaporation). .

The viscosity of a solution of Soldor in water or in Eledon is immediately
destroyed by the addition of the gastric juice and saliva,

('\ We then attempted to determine the factors which reduced the viscosity of the
Nestargel in the stomach and completely suppress that of the Soldor., Thus we
studied: '

1. the effect of the pH and of the pepsin
2. the effects of the dilution
- 3, the action of the saliva,

1. Effect of the pH and of the pepsin. To the squeous solutions of Nestargel
1% and Soldor 6.8% we added directly pepsin in powder and HCl N in order to prevent
dilution, The acid was added little by little up to pH 4,7.

Results
Nestargel 1% i Soldor 6.8%
Dropping time pH - Dropping time pH
43" 7 45,8" 7

We add chlorhydric acid and pepsin
48" 4.7 40" 4,7

‘ After 35 minutes in the acid medium (at 37°)
6—\ 63" 4.7 34.8" 4.7

Neither the pH of the gastric juice of the infant, nor the pepsin reduced

the viscosity of the Nestargel., This viscosity even seemed to have increased



with the acidification of the medium (other factorg, however, could be involved

such as evaporation, thickening caused by the pepsin powder),

The viscosity of the Soldor dropped élightly.

-

[

2, Effects of the dilution. Comparison between the effect of the gastric
juice and that of ordinary water on the viscosity. :
Results
Test with the gastric juice Test with ordinary waéer
Dropping timé - pH ) Dropping time pH

100 cm3 of Nestargel 1%

40.2" | 7 43" ) 7

We add 25 cm> of gastric We add 25 cm> of ordinary water
‘juice + several drops of
HCL N,

17" ) 4.7 19.5" ) . 7

100 cm® of Soldor
46.6" 7 41,8" 7
(—wwe add 25 em> of gastric juice " We add 25 cm> of ordinary water

+ several drops of HCl N,

11" : . 4.7 . 7" 7

Ordinary water added in the same quantities as the gastric juice reduces
the viscosity of the Nestargel and of the Soldor in the same proportions.

3. Action of the saliva (ptyaline). a., Action on the Nestargel: 20% of
the infant's saliva placed in a solution of Nestargel 1% only causes a very
slight drop in its viscosity (probably the effect of dilution).

b, Action on the Soldor: 15% of adult or infant saliva placed in a 6% solution
of Soldor immediately liquefies it,

The ptyaline liquefies the Soldor. It does not have any effect on the Nestargel.
Conclusions:

Neither the ptyaline nor the pepsin nor the pH of theastric jufce of the
infant are capable of reducing the viscosity of the Nestargel, The reduction in
the viscosity of the Nestargel in the gastric juice seems to be due solely to the
dilution by the digestive juices,

[
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The liquefaction of the Soldor can beAexplainéa‘entirely by the action of the
ptyaline, the dflution by the digestice juices only playing a secondary part,

Summary. The duration of the gastro-intestinal transit is not changed by
the presence of Nestargel in the meal if the infant's digestion is normal,

(-\ The duration of the gastric transit is not changed by the presence of Nestafgel.
The aerophagia is definitely weaker when the meal contains Nestargel,

The meal thickened with Nestargel retains a strong viscosity during the
entire gastric digestion,

The viscosity of the meal thickened by Nestargel is not changed either by the
action of the saliva or by the digestive action of the gastric juice, It is
slightly reduced by the dilution due to the digestive juices, whereas the starch
porridge is rapidly liquefied by the action of the saliva,

General conclusion:

The additfon of Nestargel to fhe meal causes a reduction in the physiological
aerophagia, .

Since the Nestargel is not changed by the salive and the gastric juice,

the meal retains a thick consistency during its passage into the esophagus and
stomach,

These two factors probably play an important role in the very favorable action »
of the Nestargel on the habitual regurgitations and vomitings of the infant.

(’\
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T IS well-krown that the ﬂrov th of the feces of the chickens were emrc’“r,
chickens is inhibited if their diet con- sticky and tended to paste up the \'t L
tains either linseed mea! (Kratzer and Linseed meal loses its growth-inhibieory ‘
Williams, '1048; MacGregor and McGin-  properties if it is given a p*e‘xm inary ‘“~~—'.
nis, 1948), or ground carobs (Kratzer and  treatment; or if the pyridexine conteni &
Williams, 1951; Borastein ¢f ¢l,, 1963), or  the’ diet is increased (Kratzer and VWis
glar meal (Borcher and Acker son, 1930; liams, 1048; MacGregor and McGin
- Vohra and Kraizer, 1204). In each casz, 1948). Simiiar treatment of ﬂrou"d cav

O | | ’POuHr‘j Seience H3(5): Hé&* 70, 1964,




. Caz‘éxt’rl

‘sgwta improvement (Bornstein et al,
'.( :3) of chicks. Our unpublished studies
paczte that guar meal is not improved
“pvar by trealment with water or by the
2 son. of pyridcxine.

Linsead meal, carob and guar =eed= are
srellent sources of polwaccnnnuea which
arp classified as gums and mucilages. An
eivinus question in considering these ma-
terials is whether this growth depresqnfr

-

¢iect is due to the high levels of poly~

- sacckerides which they contain.

A part of the growth inhibitory proper-
ties of linseed meal has been atiributed to
iz mucilage content (Mani e al., 1949;
Clagett et al., 1953) even though the latter

werkers doubted this in another report
1Schlamb e al, 1953). A depressien in
the growth of rats has been obsarved when
ikeir diets contained more than 3¢ agar
zzer or Irish moss (Nilson and Schaller,

i%41). The digestibility of agar agar, pec-
tin and guar gum is reported to be 215,
1% and 76¢% respectively, and no sig-
siicant depression in the growth of rats
=25 observed when the diets contained
these polysaccharides at levels of 1565,
0% and 6%, respectively (Booth et dl.,
1983). Ershotf and Wells (1962) found no
“iznificant depression in the growth of
fais which were fed 10¢z pectin, guar gum,
f’iﬂ!s{ bean gum or carrageenan. Carra-
Reenin appears to interfere with the diges-
Hen of proteins by pepsin under certain
-..dl iens  (Vaughan et ¢f., 19062). The

st work which was reported in ab-
-'?-tt form (Kratzer and Vohra, 1963) is
2 study of the eifccts of ieeding poly-

';g\ Naep

=anices on ‘the growth of chickens.

e

E?\' Pk RL\I ENTAL
- Commezgiatly preparad
“-twing polysaccharides were used in this
HToeear gum? locvst for catab) mvmt

samples of the

-

N

g elther” very, slight bat significant
zar an d Wiltiams,  1951), or no.

&

pI "mu .- ) 1165
gum arabic,1 gum ghatti, gur trac th,?

gum karaya, pectin, carrageenin, celiulose,’.
methylcellulose, sodium- salt of carboxy-

mezhylceilulose, agar 2zar, dextrin, dextran
and polygalacturonic acid.?

Dried okra powder was prepared by
“homogenizing fresh okra in 2 biender and
an excess of methanol was added to the
homogenate. The mixture was stirred and
" filtered on a Biichner funnel under vacuum,
" The <aud residué wvas dried in a current of
air at room temperzature, and ground.

To obtain mucilage, linseed oil meal was

socked in an excess of water overnight,
surred .and filtered through muskin. The
volume was reduced by leaving the muci-
lage in sktallow pans in a draft of air. The
polysaccharide was precipitated from the
mucilage solution by the addition of
metkanol. It was filtered and dried in a
current of air at room temperature.

Caramel was prepered by the heating of
sugar crystals (sucrose) in an iron crucible
over a burner '

PsylHum huzk and dried kelp were ob-
tained from commercial sources.

The polysaccharides were added to the
steck diet (Table 1) at the required level

~ without making any adjustment in-its com-

position (Table 1) at the required level
without making any adjustment in its com-
pesition. Day-old, Arbor-Acres broiler tvpe
chicks were weighed and distributed into
groups of approximately equal average
weight. They were housed in electrically
heated batteries in which water and feed
were available ¢d libitum. The chicks were
weighed twice every week as groups and
individually at the termination of thc ex-
penmcnt

. .-

! Samples t“rouch courtesy of Stein, Hall and
Co., Ioc.

* Through courtesy of Dr. M, A, Joshvn,

¥ So'ka-tes, Brown Co., Perlin, New Hamp-
shire,
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Tarte 1.—Com: fosilion of the stock diel’

o et g s w7, Inclusion, -
SR Ingredicnt Y,
"“Ground milo o . 2175
" Grownd corn LT 0t TTr v 157
. Ground barley . - . "7 200
;. Bran, wheat Tt T T 150 7
- Sowbe:n meal, 4153 p.otem - - 120
< "Fish meal - 75
Meat and bone meal, DO,C protein 12-
"'Wney dried . - .25
~Milk, skimmed, dried, 33 cprotem 25~
- Alfalfa meal ) 40
Limestone, ground v R &
Salt¥-~-—- - . .- L7 5
- Vitaminst ST 1

. * Contains 0.025 gm. mangarese sulfate {(70%;
feed grade).

"t Supplies: rxboﬂ‘.\m, 1.1 mg.; niacin, 1.1 mg.; /

Ca-p..'xto‘h rate, 1.1 mg.; choline cl'uorv’e 5.5
mg.; svrlfaqumo*al'ne 123 mg; vitamin A, drv

(20,000 1L.U./gm)), 373 mp.; vitamin D;, dry (4000

1.C.UC./gm.}, 250 mg.; and folic acid, 33.3 pg.; and
bran to ma Le 1gm. ) .

" A slurry of 120 gm. guar gum in 1500
-ml. of water was reacted overnight at.37°C.,
with 100 ml. of a sclution containing 6 gm.
of either Cellulase-100%, or the isolated en-
“zyme from the sprouted guar beans (Vohra

¢ Through courtesy of Miles Chemical Co.

_tained which was reduced to about bz N

-"ar'd Ixr(.tver 1964) " The mu"llzme Brote

down in this process and a-fluid was o,

-+ .volume in shallew pans in a current ¢} —_._

at rcom femperature.- This concentre:
solution was mixed with 5880 gm. of s u-"
diet and the diet was fed as sucn withey
any further drying.

Pectin (240 gm.) was stirred in 2 e
of water to give-a thick, viscous ma:
which was reacted with 4.8 gm. of oozt

*_nase in 100 ml. water at 37 7°C. for ehay

L ReTu,

12 hours. The viscous mass was stirrgd
frequently and yielded a fiuid scluiics
which was concentrated to about 809 ri.
in shallow pans in a draft of aif and minc?
wtih 5760 gm. stock diet to feed the ¢zick:,
It was not dried further.

The relative growth value compares the
final average weight of the chickens fed the
experimental diet with the average weizht
of chickens fed the stock (control) diet in
the same experiment. For the comparizen,
the relative weight of the group fed t:
control-diet is adjusted to 1CC.

T'mu-: 2.—Relutize growth (R.G.) a;.d e, fzed/g)r gein (F/G) o, ~ <
chickens fcd tarious polyscccizcrides in their dzet: 3 g -
"Experiment Series ST, 1 2 3 4 S5 o
Duration of trial, days . 20 21 20 21 20 3
Polysaccharide and its level .R.G. R.G. RG R.G RG F.'_(:_
Conttol . R 100 100 100 100 100 1.73
Cellulose, 2¢ n : S 1)} 92 : . ST =
Guar gum, 2°, : 67.4 64 : 61 . -0
Guar gum, 1%, ’ T : T 844 80 : - 5222 9.1 1.2
Guar gun, 03¢, T o is6 92 L
Guar gum, 0”1L . 89.1 98.4 . 1..-.
"Locust gum, 275 , )3 i3.6
Locust gum, 1%; 96.8
Locust gum, 0.57 87.8»
Téocu\t eum, 0. .;ﬂ s - - 06,3 -
um tragacanth, -‘ o T EJ.F 66 B

Gum arabic. 2, B 6.3 5.6 - et
Dextran, 2°.,, - ’ 91.8 - R
Dextrin 27 . 103
Pectin, 177, 88.6 77.5 : 89.5 i
Pectin, '1‘1,,. 92.4 86.5 5
Keln, 47 N 99.5 - .
Kelp, 20 v 99.5 -
\c.lu e ur\ of control, gm. . . 256 _ 330 . 332 294 7,297
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'T,.pu‘ 3.—Relative gres:t” (R.G.) m'd mg. ﬁf‘ncn‘as/lOO g, bac’v weeight (P/B.), om. jted ’gm
- goin (F/G), of chickens Jed varicus pvlvmrcl.andcs in lhelr dicls :

. v

L.-‘munc'xt Series 6 ". R . T
DJ ation of trial, days 20 " Rt B i

. Polysaccharide, and its leve} . R, G-.-~-~-"_,'j’/ B.W. R. G. P/BAV. F/G

‘. Control . W ) .y 100 © 305 100 342 . 1.54
Cellulose, 2€¢ c V- 96.8 -

© Qra, dricd, 2‘:7 - . 87.6 450 81.8 462 1.84
(;rraancn.n, “o L) 532 754 355 1.91

. Linseed muciiage. 25 95.4 “370 97.4 —_ 1.84

" Psyilium husk, 2‘ . . 87.4 - "433 .81.8 436 1.92
Afebyleellalose, 26 : 103 . : S
("amov'mcth} ‘rel'ulcﬁe (\a), 2%, 2L 96,8 360 93.8 — 1:88
Cararael, 2 - ;2100 . ° '

- Actual gain, gm, : -.339 320 '
(,‘cn:rol 100 474 1.78 |
Kelp, 2€¢ : . . 111 506 1.59°
-\nr agar, 2%; . ! o 110 413 -1.72 -
Gum k..mva 2% S R T 72 432 1.67
Gur ghatti, 26 I 104.3 427 1.81
Actual gai ,gm. - 280 -
Control 100 410 1.78
Gum ghatti, 26 -93 1.81 .

" Gum La.a}a 2% . i : v 0 500 1.92
Azt amar, 27 : 102 1.87
Actual gain, gm. 313 . .

RESCULTS AND DISCUSSION
Tke relative growth of the chickens fed
e diet diluted with 2¢% of cellulose was
! 16 101¢¢ of the controls (Table 2 and

3% When the diets contain 25¢ guar gum,
“Le relative growth of the chickens was

Yt 67.4¢, of the controls. The depres-
£m in growth was probablv not due to
e dilutipn of the erergy content of the
42t by the addition of 20 zum hecause
"-‘-f addition of 2¢% cellulose which also

Zited the energy of the diet to the same
fient. caused little or ro growth depres-
%0 The additicn of the foliowing poly-
'ftd‘.:mf‘e at a level of 276 to the chicken
=5 caused a definite depression in growth

.“ chickens: locust gum, gum tragacanth,

T2 karaya, dried ckra, carrageenin, and
i'ium husk (Tables 2 and 3). Pectin ex-
¢HS a marked depression in chick
Tl at a tevel of +4¢%. At a level of 2¢¢,
~Uath of caivkens oo diew cuzmxmrg

pectin, gum arabic, dextran, dextrin, gum
ghatti, linseed mucilage, methylcellulose,
carboxymethyleellulose, caramel, agar agar
or kelp was of the same order as [or control
diets or those containing 2<% cellulose.

As low as 16¢ guar gum in chicken diets
caused a definite growth depression (Table
2). As the level of guar gum was decreased
to 0.5 or 0.25¢%, the growth inhibiticn was
also proportionately reduced. However, in
case of locust gum, a definite growth in-
hibition of chicks occurred only at a 2
level. )

Relation to composition. The variation
in growth depressing efiect of various poly-
saccharides prompted consideration of a
possible common constituent responsible
for this effect. Most of the data on the
chemical constitution of these polysaccha-
rides have been token from the reviews of
Smith and Montzomery (1959).

Guar gum ard locust gum are ncutral

-t
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‘po}"m.cc}"sri:!m contzining 33-36%%; znd
<14 2:5’0 D-galactose; and 64-6756 and 75- .
:;86 ¢ D-mennose; respectively. Guar gum
;'v.'as*fu more growih inhibitory than locust -

“gam 2t a level of 1¢¢ of the’ diet. D -zalac-

-turenic acid content of gum karaya and -
-okra mucilage is 4356 and 6-S¢z. It is also
- present ‘in gum tragacanth, linseed muci-
lage, psyllium- husk and pectin but the

exact amounts are not’ known. D-glucu-
ronic acid is present to an extent of 16%

‘in_gum arabic; and 12% in gum nh'rttx.
-D- alactose content of the gums is as fol-
_lows: arabic, 5290, ghatti, 27%%; karava,
: 14%; okra mucilage, 79-80¢. Linseed

mucilage contains L-galactose. D-galactose
is also present in gum tragacanth, agar
agar and carrageenin. About §¢¢ D-man-
nose is present in gum ghatti. Gum traga-
canth and °*psyllium contain L-zrabinose
which is estimated to be 19% in gum
arabic, 4165 in gum ghatti, 3-14<5 in okra
mucilage and 127 in linsesd mucilage.
L-rharminose is present in gum arabic and
its content in gum karaya and linseed
mucilage is 15%% and 29%%, respectively.

F’w"ewr no pre liction is as yei p
about the growth i inhibitory pres
po!v:z:cchandea from their chcxr c .
stitution. .+ - . LTl e

--The growth 1ru1bmon is probably r\_
due to the mucilage character of the Sy
saccharides in general because not aj] of
them have exhibited growth "inhibi fory
properties for chickens in this st tudy. §
those polv=accner' 23 which do exning

AR N

- growth depression are allowed to be te-

acted with suitable enzymes, the reactior
products cause no depression in the grovth
of chickens (Table 4). Guar gum (z¢;:
when fed along with an enzyme capabie of
hydrolyzing it, at a level of 0.1 Ce, over
came the growth inhibition of chickens g
some extent. However, the growth of chick-
ens fed guar gum which has bees hvdio
lIyzed with the enzyme was of the sams
order as on control diets. The enzyvire war
either isolated irom the sprouied guar

beans or a commercial preparatica, Ce..u
lase-1C0, capable of splitting pelvsacche
rides. Growth inhibition due to 4%¢ pectiz
wes co'rpletelv overcome if 1t was first re~

Tuzus 4. —Lfect Df enzymes on the relatite gro.‘hz (R.G), mg . pencreas/ 109 gm. bedy weight (P,'E.II'.}.
- and gm. jeed/om. gain (F/G) of cu'c!'eny jcd tarious polyscceharides :

Experiment Series

8 : o .

Treatment and Jevel

- "R.G. P/BW. F/G R.G. P/BW. FG

Control . L 100 474 1.78 100 410 38
Guar gum, 25 s 69.4 510 1.38 61.6 620 .33
Guar gm. 27, 0.1 guar eazyme 79 308 217 76.3 474 2.8
Control +0.1¢; guar enzyme : 117 376 1.63 102 — l,""
Guar gum (27} reacted with guar enzyme 102.5 38  1.60 95 s 2 L‘

. Control-rO 1" ¢ Cellulase-100 . 100 . ,l,(n
Guar gum 2 p-er uluse-100, 0.1¢; . 86 2.t
Actual gain, gm. \anr'merta! pe-mcx) 280 (20 days) 315 (20 daysd )
Control 100 100 o
Pectin, 45, 61.5 . 0.2 1o
Pectin, 4¢-+0.08¢; pectinase 8t S 83 {-\,’,
Pectin, (1~ J reacted with pectinase 100 102 : N
Control-‘-() 03¢, pectinase 95.5 V8.8 r.s
Actual gain, gm. {Experimental perivd) 294 (21 days) 1297 (20 days) e
Control 100
Pectin, 47, 33.5
Poiyiiacturenic acid, 197 .8

.\ct.m!gx.n gra. i Brperinizatal period)

32i \’Odd\:) h




<1 with the enzyime pectinase. K\nen
}_W,l and the eazyme viere f d to'“e;hyr,
LE.c' rowih inhibiticn ‘was only partially
ivercome. The presence of methoxy groups
i '[;'.:?.In was essential for its growth in-
tion. This is berne out by the fact that

_poirgalacturonic acid when fed at a level |

of 4% gave a relative growth of about
3% of the controls and the methoxy de-
svalive of this (pectin) had a value of

< No r:fr\:matmn as yet, iz available

':';bo-'* He_c\:act equence in which the vari-
cus sugars are linked in the various poly-
saccharides. Dut it aproops that 23 the fre-
reency of branching increases in the mole:
c::ie. tr.e growtin inhibitery nronerties also

G'zo vrtr I\ mn'mm

icwregse. Guar gum has D-galactose on
‘——-——'

very altermate D-mannose motecule in
ccntrast to carob gum which has D-galac-
tese on every 3rd or 4th mannoze mole-
ile of the straight chain part of the poly-
s2echaride. Guar gum is more growth in-

bao-y than locust (carob) gum. Gum

zrabic has fewer branches and more of the
wmperent sugars are arranged as a
a2ight chain. It has little growth inhibi-
try properties for chicks. In contrast to
L’“" gun: tragacanth has many more sugars
tranching from the straight chain of the
roly \zcchandt. and has definite growth in-
tiditory properties.

The ratxo of feed intake/gain for con-
*fils and the diet containing 2¢¢ guar gum
Ya gf the same order (Tzble 2), but
‘tzded to be higher:for okra carrageenin,

~ead mucilage, psvllium }*u::; azd car-
*f?“..-c"'\cellu‘oec (T‘.Jle 3). Nct all of

~e¢ substances were growih ichibitory.

I gezeral, the pancrecs weight per 160
. body weight (Table 4) tended to be
E‘i for those polysaccharides which had

rowth inhibitory preperty. Chickens
) Hium hest had en cccumuiztion of
:'1-'—‘- 72 in the proventriculous wiich gave

1 .
- ghzerma] appearzzce of a stussge

B S Jodtis |

P -.

-similar to ones observed by O’Dell el‘n d.
.(1939). The incidence of this gross ab-

o

norn:ality was only in chickens fed ,f,ro'wth‘
inhibitory “polysaccharides but was never

as =enoaa as 1or p:) Tlium husk. s

eU’\I\IARY

Several naturally occurring polysaccha-
rides depressed the growth of chickens
when fed in a nutritionally balanced diet

containing soybean meal, cereals, and fish-

meal. The growth of chickens was inhibited -

about 25% to 30¢z by the ‘inclusion of
guar gum, locust gum, gum tragacanth,

gum kara\a or carrageenin at levels of
ch ot 4¢z of pectin in their diets. Dried -

kra or psyliium husk caused a depression
in growth of about 15¢ at a level of 2¢5
inclusion, and celh,uo~ e, methylcellulose,
carboxymethylcellulose, dextrin, dextran,
linseed mucilage, caramel, gum ghatti, agar
agar and kelp appeared to be without any’
deleterious properties. The growth depress-
ing properties of pectin and guar gum were
overcome by their treatment with enzymes
capable’ of hydrolyzing them, namely, pec-
tinase and cellulase or a preparatxon from
the <Drouted guar beans -
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